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Description 

[0001] This invention relates generally to the field of nucleic acid chemistry. More specifically, it relates to the use of 
the 5' to 3' nuclease activity of a nucleic acid polymerase to degrade a labeled oligonucleotide in a hybridized duplex 

5 composed of the labeled oligonucleotide and a target oligonucleotide sequence and form detectable labeled fragments. 
[0002] Investigational microbiological techniques are routinely applied to diagnostic assays. For example, U.S. Pat- 
ent No. 4,358,535 discloses a method for detecting pathogens by spotting a sample (e.g., blood, cells, saliva, etc.) on 
a filter (e.g., nitrocellulose), lysing the cells, and fixing the DNA through chemical denaturation and heating. Then, 
labeled DNA probes are added and allowed to hybridize with the fixed sample DNA, hybridization indicating the pres- 

10 ence of the pathogen's DNA. The sample DNA in this case may be amplified by culturing the cells or organisms in 
place on the filter. 

[0003] A significant improvement in DNA amplification, the polymerase chain reaction (PCR) technique, is disclosed 
in U.S. Patent Nos. 4,683,202; 4,683,195; 4,800,159; and 4,965,188. In its simplest form, PCR is an in vitro method 
for the enzymatic synthesis of specific DNA sequences, using two oligonucleotide primers that hybridize to opposite 

is strands and flank the region of interest in the target DNA. A repetitive series of reaction steps involving template 
denaturation, primer annealing, and the extension of the annealed primers by DNA polymerase results in the expo- 
nential accumulation of a specific fragment whose termini are defined by the 5* ends of the primers. PCR is capable 
of producing a selective enrichment of a specific DNA sequence by a factor of 1 09. The PCR method is also described 
in Saiki et aL , 1 985, Science 230: 1 350. 

20 [0004] Detection methods generally employed in standard PCR techniques use a labeled probe with the amplified 
DNA in a hybridization assay. For example, EP Publication No. 237,362 and PCT Publication No. 89/11548 disclose 
assay methods wherein the PCR-amplified DNA is first fixed to a filter, and then a specific oligonucleotide probe is 
. added and allowed to hybridize. Preferably, the probe is labeled, e.g., with 32P, biotin, horseradish peroxidase (HRP), 
etc., to allow for detection of hybridization. The reverse is also suggested, that is, the probe is instead bound to the 

25 membrane, and the PCR-amplified sample DNA is added. 

[0005] Other means of detection include the use of fragment length polymorphism (PCR-FLP), hybridization to allele- 
specific oligonucleotide (ASO) probes (Sails et al., 1 986, Nature 324:163), or direct sequencing via the dideoxy method 
using amplified DNA rather than cloned DNA. The standard PCR technique operates essentially by replicating a DNA 
sequence positioned between two primers, providing as the major product of the reaction a DNA sequence of discrete 

30 length terminating with the primer at the 5' end of each strand. Thus, insertions and deletions between the primers 
result in product sequences of different lengths, which can be detected by sizing the product in PCR-FLP. In an example 
of ASO hybridization, the amplified DNA is fixed to a nylon filter (by, for example, UV irradiation) in a series of "dot 
blots", then allowed to hybridize with an oligonucleotide probe labeled with HRP under stringent conditions. After wash- 
ing, tetramethylbenzidine (TMB) and hydrogen peroxide are added: HRP catalyzes the hydrogen peroxide oxidation 

35 of TMB to a soluble blue dye that can be precipitated, indicating hybridized probe. 

[0006] While the PCR technique as presently practiced is an extremely powerful method for amplifying nucleic acid 
sequences, the detection of the amplified material requires additional manipulation and subsequent handling of the 
PCR products to determine whether the target DNA is present. It would be desirable to decrease the number of sub- 
sequent handling steps currently required for the detection of amplified material. A "homogeneous" assay system, that 

40 is, one which generates signal while the target sequence is amplified, requiring minimal post-amplification handling, 
would be ideal. 

[0007] The present invention provides a process for the detection of a target nucleic acid sequence in a sample, said 
process comprising: 

45 (a) contacting a sample comprising single-stranded nucleic acids with an oligonucleotide containing a sequence 

complementary to a region of the target nucleic acid and a labeled oligonucleotide containing a sequence com- 
plementary to a second region of the same target nucleic acid strand, but not including the nucleic acid sequence 
defined by the first oligonucleotide, to create a mixture of duplexes during hybridization conditions, wherein the 
duplexes comprise the target nucleic acid annealed to the first oligonucleotide and to the labeled oligonucleotide 

50 such that the 3' end of the first oligonucleotide is adjacent to the 5' end of the labeled oligonucleotide; 

(b) maintaining the mixture of step (a) with a template-dependent nucleic acid polymerase having a 5' to 3' nuclease 
activity under conditions sufficient to permit the 5' to 3' nuclease activity of the polymerase to cleave the annealed, 
labeled oligonucleotide and release labeled fragments; and 

(c) detecting and/or measuring the release of labeled fragments. 

55 

[0008] This process is especially suited for analysis of nucleic acid amplified by PCR. This process is an improvement 
over known PCR detection methods because it allows for both amplification of a target and the release of a label for 
detection to be accomplished in a reaction system without resort to multiple handling steps of the amplified product. 
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Thus, in another embodiment of the invention, a polymerase chain reaction amplification method for concurrent am- 
plification and detection of a target nucleic acid sequence in a sample is provided. This method comprises: 

(a) providing to a PCR assay containing said sample, at least one labeled oligonucleotide containing a sequence 
complementary to a region of the target nucleic acid, wherein said labeled oligonucleotide anneals within the target 
nucleic acid sequence bounded by the oligonucleotide primers of step (b); 

(b) providing a set of oligonucleotide primers, wherein a first primer contains a sequence complementary to a 
region in one strand of the target nucleic acid sequence and primes the synthesis of a complementary DNA strand, 
and a second primer contains a sequence complementary to a region in a second strand of the target nucleic acid 
sequence and primes the synthesis of a complementary DNA strand; and wherein each oligonucleotide primer is 
selected to anneal to its complementary template upstream of any labeled oligonucleotide annealed to the same 
nucleic acid strand; 

(c) amplifying the target nucleic acid sequence employing a nucleic acid polymerase having 5' to 3' nuclease 
activity as a template-dependent polymerizing agent under conditions which are permissive for PCR cycling steps 
of (i) annealing of primers and labeled oligonucleotide to a template nucleic acid sequence contained within the 
target region, and (ii) extending the primer, wherein said nucleic acid polymerase synthesizes a primer extension 
product while the 5' to 3* nuclease activity of the nucleic acid polymerase simultaneously releases labeled fragments 
from the annealed duplexes comprising labeled oligonucleotide and its complementary template nucleic acid se- 
quences, thereby creating detectable labeled fragments; and 

(d) detecting and/or measuring the release of labeled fragments to determine the presence or absence of target 
sequence in the sample. 

[0009] Figure 1 is an autoradiograph of a DEAE cellulose thin layer chromatography (TLC) plate illustrating the 
release of labeled fragments from cleaved probe. 

[0010] Figure 2 is an autoradiograph of DEAF cellulose TLC plates illustrating the thermostability of the labeled probe. 
[0011] Figures 3A and 3B are autoradiographs of DEAE cellulose TLC plates showing that the amount of labeled 
probe fragment released correlates with an increase in PCR cycle number and starting template DNA concentration. 
[0012] Figure 4 illustrates the polymerization independent 5'- 3' nuclease activity of Tag DNA polymerase shown in 
the autoradiograph using a series of primers which anneal from zero to 20 nucleotides upstream of the probe. 
[0013] Figure 5 is an autoradiograph showing the release of labeled probe fragments under increasing incubation 
temperatures and time, wherein the composition at the 5' end of the probe is GC rich. 

[0014] Figure 6 is an autoradiograph showing the release of labeled probe fragments under increasing incubation 
temperatures and time, wherein the composition at the 5* end of the probe is AT rich. 

[0015] Figure 7 provides 5% acrylamide electrophoresis gel analysis of a 142 base pair HIV product, amplified in 
the presence or absence of labeled probe. 

[0016] Figure 8 is a composite of two autoradiographs of TLC analysis of aliquots of PCR amplification products 
which show that radiolabel release occurs and increases in amount with both increases in starting template and with 
longer thermocycling. 

[0017] Figure 9 is a schematic for a reaction in which an NHS-active ester derivative of biotin is added to the 3'- 
amine of an oligonucleotide probe. 

[0018] Figure 10 is a schematic for a reaction in which a biotin hydrazide is used to label an oligonucleotide probe 
that has a 3*- ribonucleotide. 

[0019] Figure 11 is a schematic for labeling an oligonucleotide probe with biotin using a biotin phpsphoramidite. 

[0020] Figure 12 shows a reagents for labeling oligonucleotide probes with biotin. 

[0021] Figure 13 shows an oligonucleotide probe labeled with rhodamine-X-590 and crystal violet. 

[0022] Figure 14 shows a schematic for a reaction to generate an active acyl azide of crystal violet. 

[0023] Figure 15 shows a schematic for a reaction to add an amine to a thymidine for use in conjugating a label to 

an oligonucleotide probe. 

[0024] Figure 16 shows typical results and relation of signal to input target number for the present method using 
Bakerbond™ PEI solid phase extractant. 

[0025] As used herein, a "sample 0 refers to any substance containing or presumed to contain nucleic acid and in- 
cludes a sample of tissue or fluid isolated from an individual or individuals, including but not limited to, for example, 
skin, plasma, serum, spinal fluid, lymph fluid, synovial fluid, urine, tears, blood cells, organs, tumors, and also to samples 
of jn vitro cell culture constituents (including but not limited to conditioned medium resulting from the growth of cells in 
cell culture medium, recombinant cells and cell components). 

[0026] As used herein, the terms "nucleic acid", "polynucleotide" and "oligonucleotide 0 refer to primers, probes, oli- 
gomer fragments to be detected, oligomer controls and unlabeled blocking oligomers and shall be generic to polyde- 
oxyribonucleotides (containing 2-deoxy-D-ribose), to polyribonucleotides (containing D-ribose), and to any other type 
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of polynucleotide which is an N-glycoside of a purine or pyrimidine base, or modified purine or pyrimidine bases. There 
is no intended distinction in length between the term "nucleic acid", "polynucleotide" and "oligonucleotide", and these 
terms will be used interchangeably. These terms refer only to the primary structure of the molecule. Thus, these terms 
include double- and single-stranded DNA, as well as double- and single-stranded RNA. The oligonucleotide is com- 
5 prised of a sequence of approximately at least 6 nucleotides, preferably at least about 10-12 nucleotides, and more 
preferably at least about 15-20 nucleotides corresponding to a region of the designated nucleotide sequence. "Corre- 
sponding" means identical to or complementary to the designated sequence. 

[0027] The oligonucleotide is not necessarily physically derived from any existing or natural sequence but may be 
generated in any manner, including chemical synthesis, DNA replication, reverse transcription or a combination thereof. 
10 The terms "oligonucleotide" or "nucleic acid" intend a polynucleotide of genomic DNA or RNA, cDNA, semisynthetic, 
or synthetic origin which, by virtue of its origin or manipulation: (1 ) is not associated with all or a portion of the polynu- 
cleotide with which it is associated in nature; and/or (2) is linked to a polynucleotide other than that to which it is linked 
in nature; and (3) is not found in nature. 

[0028] Because mononucleotides are reacted to make oligonucleotides in a manner such that the 5' phosphate of 
75 one mononucleotide pentose ring is attached to the 3' oxygen of its neighbor in one direction via a phosphodiester 
linkage, an end of an oligonucleotide is referred to as the "5' end" if its 5' phosphate is not linked to the 3' oxygen of a 
mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not linked to a 5' phosphate of a subsequent mono- 
nucleotide pentose ring. As used herein, a nucleic acid sequence, even if internal to a larger oligonucleotide, also may 
be said to have 5' and 3' ends. 

20 [0029] When two different, non-overlapping oligonucleotides anneal to different regions of the same linear comple- 
mentary nucleic acid sequence, and the 3' end of one oligonucleotide points toward the 5' end of the other, the former 
may be called the "upstream" oligonucleotide and the latter the "downstream" oligonucleotide. 
[0030] The term "primer" may refer to more than one primer and refers to an oligonucleotide, whether occurring 
naturally, as in a purified restriction digest, or produced synthetically, which is capable of acting as a point of initiation 

25 of synthesis along a complementary strand when placed under conditions in which synthesis of a primer extension 
product which is complementary to a nucleic acid strand is catalyzed. Such conditions include the presence of four 
different deoxyribonucleoside triphosphates and a polymerization-inducing agent such as DNA polymerase or reverse 
transcriptase, in a suitable buffer ("buffer" includes substituents which are cofactors, or which affect pH, ionic strength, 
etc.), and at a suitable temperature. The primer is preferably single-stranded for maximum efficiency in amplification. 

30 [0031] The complement of a nucleic acid sequence as used herein refers to an oligonucleotide which when aligned 
with the nucleic acid sequence such that the 5' end of one sequence is paired with the 3' end of the other, is in "antiparallel 
association." Certain bases not commonly found in natural nucleic acids may be included in the nucleic acids of the 
present invention and include, for example, inosine and 7-deazaguanine. Complementarity need not be perfect; stable 
duplexes may contain mismatched base pairs or unmatched bases. Those skilled in the art of nucleic acid technology 

35 can determine duplex stability empirically considering a number of variables including, for example, the length of the 
oligonucleotide, base composition and sequence of the oligonucleotide, ionic strength, and incidence of mismatched 
base pairs. 

[0032] Stability of a nucleic acid duplex is measured by the melting temperature, or "T m ." The T m of a particular 
nucleic acid duplex under specified conditions is the temperature at which half of the base pairs have disassociated. 
40 [0033] As used herein, the term "target sequence" or "target nucleic acid sequence" refers to a region of the oligo- 
nucleotide which is to be either amplified, detected or both. The target sequence resides between the two primer 
sequences used for amplification. 

[0034] As used herein, the term "probe" refers to a labeled oligonucleotide which forms a duplex structure with a 
sequence in the target nucleic acid, due to complementarity of at least one sequence in the probe with a sequence in 

45 the target region. The probe, preferably, does not contain a sequence complementary to sequence(s) used to prime 
the polymerase chain reaction. Generally the 3' terminus of the probe will be "blocked" to prohibit incorporation of the 
probe into a primer extension product. "Blocking" can be achieved by using non-complementary bases or by adding 
a chemical moiety such as biotin or a phosphate group to the 3' hydroxyl of the last nucleotide, which may, depending 
upon the selected moiety, serve a dual purpose by also acting as a label for subsequent detection or capture of the 

so nucleic acid attached to the label. Blocking can also be achieved by removing the 3'OH or by using a nucleotide that 
lacks a 3' -OH such as a dideoxy nucleotide. 

[0035] The term "label" as used herein refers to any atom or molecule which can be used to provide a detectable 
(preferably quantifiable) signal, and which can be attached to a nucleic acid or protein. Labels may provide signals 
detectable by fluorescence, radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption, magnetism, enzymatic 
55 activity, and the like. 

[0036] As defined herein, "5' -> 3' nuclease activity" or "5' to 3' nuclease activity" refers to that activity of a template- 
specific nucleic acid polymerase including either a 5' -> 3' exonuclease activity traditionally associated with some DNA 
polymerases whereby nucleotides are removed from the 5' end of an oligonucleotide in a sequential manner, (i.e., E 
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20 



coli DNA polymerase I has this activity whereas the Klenow fragment does not), or a 5' 3' endonuclease activity 
wherein cjeavage occurs more than one phosphodiester bond (nucleotide) from the 5' end, or both. 
[0037] The term "adjacent" as used herein refers to the positioning of the primer with respect to the probe on its 
complementary strand of the template nucleic acid. The primer and probe may be separated by 1 to about 20 nucle- 
5 otides, more preferably, about 1 to 10 nucleotides, or may.directly abut one another, as may be desirable for detection 
with a polymerization-independent process. Alternatively, for use in the polymerization-dependent process, as when 
the present method is used in the PCR amplification and detection methods as taught herein, the "adjacency" may be 
anywhere within the sequence to be amplified, anywhere downstream of a primer such that primer extension will position 
the polymerase so that cleavage of the probe occurs. 
10 [0038] As used herein, the term "thermostable nucleic acid polymerase" refers to an enzyme which is relatively stable 
to heat when compared, for example, to nucleotide polymerases from E. coli and which catalyzes the polymerization 
of nucleoside triphosphates. Generally, the enzyme will initiate synthesis at the 3'-end of the primer annealed to the 
target sequence, and will proceed in the 5'-direction along the template, and if possessing a 5' to 3' nuclease activity, 
hydrolyzing intervening, annealed probe to release both labeled and unlabeled probe fragments, until synthesis termi- 
nates. A representative thermostable enzyme isolated from Thermus aquaticus (Tag) is described in U.S. Patent No. 
4,889,818 and a method for using it jn conventional PCR is described in Saikiet aL, 1988, Science 239 :487. 
[0039] Jag DNA polymerase has a DNA synthesis-dependent, strand replacement 5'-3' exonuclease activity (see 
Gelfand, "Tag DNA Polymerase" in PCR Technology: Principles and Applications for DNA Amplification, Erlich, Ed., 
Stockton Press, N.Y. (1989), Chapter 2). In solution, there is little, if any, degradation of labeled oligonucleotides.. 
[0040] The practice of the present invention will employ, unless otherwise indicated, conventional techniques of 
molecular biology, microbiology and recombinant DNA techniques, which are within the skill of the art. Such techniques 
are explained fully in the literature. See. ejg. , Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual. 
Second Edition (1989); Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Nucleic Acid Hybridization (B.D. Hames&S. 
J. Higgins, eds. , 1 984); A Practical Guide to Molecular Cloning (B. Perbal, 1 984); and a series, Methods in Enzvmology 
25 (Academic Press, Inc.). All patents, patent applications, and publications mentioned herein, both supra and infra , are 
hereby incorporated by reference. 

[0041] The various aspects of the invention are based on a special property of nucleic acid polymerases. Nucleic 
acid polymerases can possess several activities, among them, a 5' to 3' nuclease activity whereby the nucleic acid 
polymerase can cleave mononucleotides or small oligonucleotides from an oligonucleotide annealed to its larger, corn- 
so plementary polynucleotide. In order for cleavage to occur efficiently, an upstream oligonucleotide must also be annealed 
to the same larger polynucleotide. 

[0042] The 3' end of this upstream oligonucleotide provides the initial binding site for the nucleic acid polymerase. 
As soon as the bound polymerase encounters the 5* end of the downstream oligonucleotide, the polymerase can cleave 
mononucleotides or small oligonucleotides therefrom. 

[0043] The two oligonucleotides can be designed such that they anneal in close proximity on the complementary 
target nucleic acid such that binding of the nucleic acid polymerase to the 3' end of the upstream oligonucleotide 
automatically puts it in contact with the 5' end of the downstream oligonucleotide. This process, because polymerization 
is not required to bring the nucleic acid polymerase into position to accomplish the cleavage, is called "polymerization- 
independent cleavage. " 

40 [0044] Alternatively, if the two oligonucleotides anneal to more distantly spaced regions of the template nucleic acid 
target, polymerization must occur before the nucleic acid polymerase encounters the 5' end of the downstream oligo- 
nucleotide. As the polymerization continues, the polymerase progressively cleaves mononucleotides or small oligonu- 
cleotides from the 5' end of the downstream oligonucleotide. This cleaving continues until the remainder of the down- 
stream oligonucleotide has been destabilized to the extent that it dissociates from the template molecule. This process 
45 is called "polymerization-dependent cleavage. - 

[0045] In the present invention, a label is attached to the downstream oligonucleotide. Thus, the cleaved mononu- 
cleotides or small oligonucleotides which are cleaved by the 5'-3' nuclease activity of the polymerase can be detected. 
[0046] Subsequently, any of several strategies may be employed to distinguish the uncleaved labeled oligonucleotide 
from the cleaved fragments thereof. In this manner, the present invention permits identification of those nucleic acid 
50 samples which contain sequences complementary to the upstream and downstream oligonucleotides. 

[0047] The present invention exploits this 5 l to 3* nuclease activity of the polymerase when used in conjunction with 
PCR. This differs from previously described PCR amplification wherein the post-PCR amplified target oligonucleotides 
are detected, for example, by hybridization with a probe which forms a stable duplex with that of the target sequence 
under stringent to moderately stringent hybridization and wash conditions. In contrast to those known detection methods 
used in post-PCR amplifications, the present invention permits the detection of the target nucleic acid sequences during 
amplification of this target nucleic acid. In the present invention, a labeled oligonucleotide is added concomitantly with 
the primer at the start of PCR, and the signal generated from hydrolysis of the labeled nucleotide(s) of the probe 
provides a means for detection of the target sequence during its amplification. 
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[0048] The present invention is compatible, however, with other amplification systems, such as the transcription 
amplification system, in which one of the PCR primers encodes a promoter that is used to make RNA copies of the 
target sequence. In similar fashion, the present invention can be used in a self -sustained sequence replication (3SR) 
system, in which a variety of enzymes are used to make RNA transcripts that are then used to make DNA copies, all 
5 at a single temperature. By incorporating a polymerase with 5' -> 3' exonuclease activity into a ligase chain reaction 
(LCR) system, together with appropriate oligonucleotides, one can also employ the present invention to detect LCR 
products. 

[0049] Of course, the present invention can be applied to systems that do not involve amplification, in fact, the present 
invention does not even require that polymerization occur. One advantage of the polymerization-independent process 

10 lies in the elimination of the need for amplification of the target sequence. In the absence of primer extension, the target 
nucleic acid is substantially single-stranded. Provided the primer and labeled oligonucleotide are adjacently bound to 
the target nucleic acid, sequential rounds of oligonucleotide annealing and cleavage of labeled fragments can occur. 
Thus, a sufficient amount of labeled fragments can be generated, making detection possible in the absence of polym- 
erization. As would be appreciated by those skilled in the art, the signal generated during PCR amplification could be 

16 augmented by this polymerization-independent activity. 

[0050] In either process described herein, a sample is provided which is suspected of containing the particular oli- 
gonucleotide sequence of interest, the "target nucleic acid". The target nucleic acid contained in the sample may be 
first reverse transcribed into cDNA, if necessary, and then denatured, using any suitable denaturing method, including 
physical, chemical, or enzymatic means, which are known to those of skill in the art. A preferred physical means for 

20 strand separation involves heating the nucleic acid until it is completely (>99%) denatured. Typical heat denaturation 
involves temperatures ranging from about 80°C to about 105°C, for times ranging from a few seconds to minutes. As 
an alternative to denaturation, the target nucleic acid may exist in a single-stranded form in the sample, such as, for 
example, single-stranded RNA or DNA viruses. 

[0051] The denatured nucleic acid strands are then incubated with preselected oligonucleotide primers and labeled 
2S oligonucleotide (also referred to herein as "probe") under hybridization conditions, conditions which enable the binding 
of the primers and probes to the single nucleic acid strands. As known in the art, the primers are selected so that their 
relative positions along a duplex sequence are such that an extension product synthesized from one primer, when the 
extension product is separated from its template (complement), serves as a template for the extension of the other 
primer to yield a replicate chain of defined length. 
30 [0052] Because the complementary strands are longer than either the probe or primer, the strands have more points 
of contact and thus a greater chance of finding each other over any given period of time. A high molar excess of probe, 
plus the primer, helps tip the balance toward primer and probe annealing rather than template reannealing. 
[0053] The primer must be sufficiently long to prime the synthesis of extension products in the presence of the agent 
for polymerization. The exact length and composition of the primer will depend on many factors, including temperature 
35 of the annealing reaction, source and composition of the primer, proximity of the probe annealing site to the primer 
annealing site, and ratio of primer:probe concentration. For example, depending on the complexity of the target se- 
quence, the oligonucleotide primer typically contains about 15-30 nucleotides, although a primer may contain more or 
fewer nucleotides. The primers must be sufficiently complementary to anneal to their respective strands selectively 
and form stable duplexes. 

40 [0054] The primers used herein are selected to be "substantially" complementary to the different strands of each 
specific sequence to be amplified. The primers need not reflect the exact sequence of the template, but must be 
sufficiently complementary to hybridize selectively to their respective strands. Non-complementary bases or longer 
sequences can be interspersed into the primer or located at the ends of the primer, provided the primer retains sufficient 
complementarity with a template strand to form a stable duplex therewith. The non-complementary nucleotide sequenc- 
es es of the primers may include restriction enzyme sites. 

[0055] In the practice of the invention, the labeled oligonucleotide probe must be first annealed to a complementary 
nucleic acid before the nucleic acid polymerase encounters this duplex region, thereby permitting the 5' to 3' nuclease 
activity to cleave and release labeled oligonucleotide fragments. 

[0056] To enhance the likelihood that the labeled oligonucleotide will have annealed to a complementary nucleic acid 
so before primer extension polymerization reaches this duplex region, or before the polymerase attaches to the upstream 
oligonucleotide in the polymerization-independent process, a variety of techniques may be employed. For the polym- 
erization-dependent process, one can position the probe so that the 5 L end of the probe is relatively far from the 3*-end 
of the primer, thereby giving the probe more time to anneal before primer extension blocks the probe binding site. Short 
primer molecules generally require lower temperatures to form sufficiently stable hybrid complexes with the target 
55 nucleic acid. Therefore, the labeled oligonucleotide can be designed to be longer than the primer so that the labeled 
oligonucleotide anneals preferentially to the target at higher temperatures relative to primer annealing. 
[0057] One can also use primers and labeled oligonucleotides having differential thermal stability. For example, the 
nucleotide composition of the labeled oligonucleotide can be chosen to have greater G/C content and, consequently, 
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greater thermal stability than the primer. In similar fashion, one can incorporate modified nucleotides into the probe, 
which modified nucleotides contain base analogs that form more stable base pairs than the bases that are typically 
present in naturally occurring nucleic acids. 

[0058] Modifications of the probe that may facilitate probe binding prior to primer binding to maximize the efficiency 

s of the present assay include the incorporation of positively charged or neutral phosphodi ester linkages in the probe to 
decrease the repulsion of the polyanionic backbones of the probe and target (see Letsinger et aj. , 1 988, J. Amer. Chem . 
Soc . 110:4470); the incorporation of alkylated or halogenated bases, such as 5-bromouridine, in the probe to increase 
base stacking; the incorporation of ribonucleotides into the probe to force the probe:target duplex into an "A" structure, 
which has increased base stacking; and the substitution of 2,6-diaminopurine (amino adenosine) for some or all of the 

10 adenosines in the probe. In preparing such modified probes of the invention, one should recognize that the rate limiting 
step of duplex formation is "nucleation," the formation of a single base pair, and therefore, altering the biophysical 
characteristic of a portion of the probe, for instance, only the 3" or 5' terminal portion, can suffice to achieve the desired 
result. In addition, because the 3' terminal portion of the probe (the 3' terminal 8 to 1 2 nucleotides) dissociates following 
exonuclease degradation of the 5' terminus by the polymerase, modifications of the 3' terminus can be made without 

is concern about interference with polymerase/nuclease activity. 

[0059] The thermocycling parameters can also be varied to take advantage of the differential thermal stability of the 
labeled oligonucleotide and primer. For example, following the denaturation step in thermocycling, an intermediate 
temperature may be introduced which is permissible for labeled oligonucleotide binding but not primer binding, and 
5 then the temperature is further reduced to permit primer annealing and extension. One should note, however, that 

20 probe cleavage need only occur in later cycles of the PCR process for suitable results. Thus, one could set up the 
reaction mixture so that even though primers initially bind preferentially to probes, primer concentration is reduced 
through primer extension so that, in later cycles, probes bind preferentially to primers. 

[0060] To favor binding of the labeled oligonucleotide before the primer, a high molar excess of labeled oligonucleotide 
to primer concentration can also be used. In this embodiment, labeled oligonucleotide concentrations are typically in 
25 the range of about 2 to 20 times higher than the respective primer concentration, which is generally 0.5 - 5 x 10- 7 M. 
Those of skill recognize that oligonucleotide concentration, length, and base composition are each important factors 
that affect the T m of any particular oligonucleotide in a reaction mixture. Each of these factors can be manipulated to 
create a thermodynamic bias to favor probe annealing over primer annealing. 

[0061] The oligonucleotide primers and labeled oligonucleotides may be prepared by any suitable method. Methods 
30 for preparing oligonucleotides of specific sequence are known in the art, and include, for example, cloning and restriction 
of appropriate sequences and direct chemical synthesis. Chemical synthesis methods may include, for example, the 
phosphotriester method described by Narang et ah, 1979, Methods in Enzvmoloqy 68:90, the phosphodiester method 
disclosed by Brown et aj., 1979, Methods in Enzvmoloqy 68:109, the diethylphosphoramidate method disclosed in 
Beaucage et al., 1981, Tetrahedron Letters 22:1859, and the solid support method disclosed in U.S. Patent No. 
35 4,458,066. 

[0062] The composition of the labeled oligonucleotide can be designed to favor nuclease activity over strand dis- 
placement (mono- and dinucleotide fragments over oligonucleotides) by means of choice of sequences that are GC- 
rich or that avoid sequential A's and T's and by choice of label position in the probe. In the presence of AT-rich sequences 
in the 5' complementary probe region, cleavage occurs after the approximately fourth, fifth or sixth nucleotide. However, 

40 in a GC-rich 5* complementary probe region, cleavage generally occurs after the first or second nucleotide. Alternatively, 
the incorporation of modified phosphodiester linkages (e.g., phosphorothioate or methylphosphonates) in the labeled 
probe during chemical synthesis (Noble et al., 1 984, Nuc Acids Res 12:3387-3403; Iyer et al., 1 990, J. Am. Chem. 
Soc. 112 :1253-1254) may be used to prevent cleavage at a selected site. Depending on the length of the probe, the 
composition of the 5' complementary region of the probe, and the position of the label, one can design a probe to favor 

45 preferentially the generation of short or long labeled probe fragments for use in the practice of the invention. 

[0063] The oligonucleotide is labeled, as described below, by incorporating moieties detectable by spectroscopic, 
photochemical, biochemical, immunochemical, or chemical means. The method of linking or conjugating the label to 
the oligonucleotide probe depends, of course, on the type of label(s) used and the position of the label on the probe. 
[0064] A variety of labels that would be appropriate for use in the invention, as well as methods for their inclusion in 

50 the probe, are known in the art and include, but are not limited to, enzymes (e.g., alkaline phosphatase and horseradish 
peroxidase) and enzyme substrates, radioactive atoms, fluorescent dyes, chromophores, chemiluminescent labels, 
electrochemiluminescent labels, such as Origen™ (Igen), ligands having specific binding partners, or any other labels 
that may interact with each other to enhance, alter, or diminish a signal. Of course, should the PCR be practiced using 
a thermal cycler instrument, the label must be able to survive the temperature cycling required in this automated proc- 

55 ess. 

[0065] Among radioactive atoms, 32 P is preferred. Methods for introducing 32 P into nucleic acids are known in the 
art, and include, for example, 5' labeling with a kinase, or random insertion by nick translation. Enzymes are typically 
detected by their activity. 'Specific binding partner 0 refers to a protein capable of binding a ligand molecule with high 
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specificity, as for example in the case of an antigen and a monoclonal antibody specific therefor. Other specific binding 
partners include biotin and avidin or streptavidin, IgG and protein A, and the numerous receptor-ligand couples known 
in the art. The above description is not meant to categorize the various labels into distinct classes, as the same label 
may serve in several different modes. For example, 125 l may serve as a radioactive label or as an electron -dense 
reagent. HRP may serve as enzyme or as antigen for a monoclonal antibody. Further, one may combine various labels 
for desired effect. For example, one might label a probe with biotin, and detect the presence of the probe with avidin 
labeled with 125 l, or with an anti-biotin monoclonal antibody labeled with HRP. Other permutations and possibilities will 
be readily apparent to those of ordinary skill in the art and are considered as equivalents within the scope of the instant 
invention. 

[0066] Fluorophores for use as labels in constructing labeled probes of the invention include rhodamine and deriv- 
atives, such as Texas Red, fluorescein and derivatives, such as 5-bromomethyl fluorescein, Lucifer Yellow, IAEDANS, 
7-Me 2 N-coumarin-4-acetate, 7-OH-4-CH 3 -coumarin-3-acetate, 7-NH 2 -4-CH 3 -coumarin-3-acetate (AMCA), monobro- 
mobimane, pyrenetrisulfonates, such as Cascade Blue, and monobromotrimethyl-ammoniobimane. in general, fluor- 
ophores with wide Stokes shifts are preferred, to allow using fluorimeters with filters rather than a monochromometer 
and to increase the efficiency of detection. 

[0067] In some situations, one can use two interactive labels on a single oligonucleotide with due consideration given 
for maintaining an appropriate spacing of the labels on the oligonucleotide to permit the separation of the labels during 
oligonucleotide hydrolysis. Rhodamine and crystal violet are preferred interactive labels. 

[0068] In another embodiment of the invention, detection of the hydrolyzed labeled probe can be accomplished using, 
for example, fluorescence polarization, a technique to differentiate between large and small molecules based on mo- 
leculartumbling. Large molecules (e.g., intact labeled probe) tumble in solution much more slowly than small molecules. 
Upon linkage of a fluorescent moiety to the molecule of interest (e.g., the 5' end of a labeled probe), this fluorescent 
moiety can be measured (and differentiated) based on molecular tumbling, thus differentiating between intact and 
digested probe. Detection may be measured directly during PCR or may be performed post PCR. 
[0069] In yet another embodiment, two labelled oligonucleotides are used, each complementary to separate regions 
of separate strands of a double-stranded target region, but not to each other, so that an oligonucleotide anneals down- 
stream of each primer. For example, the presence of two probes can potentially double the intensity of the signal 
generated from a single label and may further serve to reduce product strand reannealing, as often occurs during PCR 
amplification. The probes are selected so that the probes bind at positions adjacent (downstream) to the positions at 
which primers bind. 

[0070] One can also use multiple probes in the present invention to achieve other benefits. For instance, one could 
test for any number of pathogens in a sample simply by putting as many probes as desired into the reaction mixture; 
the probes could each comprise a different label to facilitate detection. 

[0071] One can also achieve allele-specific or species-specific (i.e., specific for the different species of Borrelia. the 
causative agent of Lyme disease) discrimination using multiple probes in the present invention, for instance, by using 
probes that have different T m s and conducting the annealing/cleavage reaction at a temperature specific for only one 
probe/allele duplex. For instance, one can choose a primer pair that amplifies both HTLVI and HTLVII and use two 
probes, each labeled uniquely and specific for either HTLVI or HTLVII. One can also achieve allele specific discrimi- 
nation by using only a single probe and examining the types of cleavage products generated. In this embodiment of 
the invention, the probe is designed to be exactly complementary, at least in the 5' terminal region, to one allele but 
not to the other allele(s). With respect to the other allele(s), the probe will be mismatched in the 5' terminal region of 
the probe so that a different cleavage product will be generated as compared to the cleavage product generated when 
the probe is hybridized to the exactly complementary allele. 

[0072] Although probe sequence can be selected to achieve important benefits, one can also realize important ad- 
vantages by selection of probe label(s). The labels may be attached to the oligonucleotide directly or indirectly by a 
variety of techniques. Depending on the precise type of label used, the label can be located at the 5' or 3' end of the 
probe, located internally in the probe, or attached to spacer arms of various sizes and compositions to facilitate signal 
interactions. Using commercially available phosphoramidite reagents, one can produce oligomers containing functional 
groups (e.g., thiols or primary amines) at either the 5' or the 3' terminus via an appropriately protected phosphoramidite, 
and can label them using protocols described in, for example, PCR Protocols: A Guide to Methods and Applications 
(Inniset al., eds. Academic Press, Inc., 1990). 

[0073] Methods for introducing oligonucleotide functionalizing reagents to introduce one or more sulfhydryl, amino 
or hydroxyl moieties into the oligonucleotide probe sequence, typically at the 5' terminus, are described in U.S. Patent 
No. 4,914,210. A 5* phosphate group can be introduced as a radioisotope by using polynucleotide kinase and gam- 
ma- 32 P-ATP to provide a reporter group. Biotin can be added to the 5' end by reacting an aminothymidine residue, or 
a 6-amino hexyl residue, introduced during synthesis, with an N-hydroxysuccinimide ester of biotin. Labels at the 3' 
terminus may employ polynucleotide terminal transferase to add the desired moiety, such as for example, 
cordycepin 35 S-dATP, and biotinylated dUTR 
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[0074] Oligonucleotide derivatives are also available labels. For example, etheno-dA and etheno-A are known fluo- 
rescent adenine nucleotides that can be incorporated into an oligonucleotide probe. Similarly, etheno-dC or 2-amino 
purine deoxyriboside is another analog that could be used in probe synthesis. The probes containing such nucleotide 
derivatives may be hydrolyzed to release much more strongly fluorescent mononucleotides by the 5' to 3' nuclease 

s activity as DNA polymerase extends a primer during PCR. 

[0075] Template-dependent extension of the oligonucleotide primer(s) is catalyzed by a polymerizing agent in the 
presence of adequate amounts of the four deoxyribonucieoside triphosphates (dATP, dGTP, dCTP, and dTTP) or ana- 
logs as discussed above, in a reaction medium comprised of the appropriate salts, metal cations, and pH buffering 
system. Suitable polymerizing agents are enzymes known to catalyze primer- and template-dependent DNA synthesis 

10 and possess the 5' to 3' nuclease activity. Known DNA polymerases include, for example, E. col] DNA polymerase I, 
Thermus thermophilus (Tth) DNA polymerase, Bacillus stearothermophilus DNA polymerase, Thermococcus litoralis 
DNA polymerase, and Thermus aquaticus (Tag) DNA polymerase. The reaction conditions for catalyzing DNA synthesis 
with these DNA polymerases are well known in the art. To be useful in the present invention, the polymerizing agent 
must efficiently cleave the oligonucleotide and release labeled fragments so that the signal is directly or indirectly 

15 generated. 

[0076] The products of the synthesis are duplex molecules consisting of the template strands and the primer exten- 
sion strands, which include the target sequence. Byproducts of this synthesis are labeled oligonucleotide fragments 
that consist of a mixture of mono-, di- and larger nucleotide fragments. Repeated cycles of denaturation, labeled oli- 
jr gonucleotide and primer annealing, and primer extension and cleavage of the labeled oligonucleotide result in the 
20 exponential accumulation of the target region defined by the primers and the exponential generation of labeled frag- 
ments. Sufficient cycles are run to achieve a detectable species of label, which can be several orders of magnitude 
greater than background signal, although in common practice such high ratios of signal to noise may not be achieved 
or desired. 

[0077] In a preferred method, the PCR process is carried out as an automated process that utilizes a thermostable 
25 enzyme. In this process the reaction mixture is cycled through a denaturing step, a probe and primer annealing step, 
and a synthesis step, whereby cleavage and displacement occurs simultaneously with primer-dependent template 
extension. A DNA thermal cycler, such as the commercially available machine from Perkin-Elmer Cetus Instruments, 
which is specifically designed for use with a thermostable enzyme, may be employed. 

[0078] Temperature stable polymerases are preferred in this automated process, because the preferred way of de- 
30 naturing the double stranded extension products is by exposing them to a high temperature (about 95°C) during the 
PCR cycle. For example, U.S. Patent No. 4,889,818 discloses a representative thermostable enzyme isolated from 
Thermus aquaticus. Additional representative temperature stable polymerases include, e.g., polymerases extracted 
from the thermostable bacteria Thermus flavus, Thermus ruber, Thermus thermophilus, Bacillus stearothermophilus 
(which has a somewhat lower temperature optimum than the others listed), Thermus lacteus, Thermus rubens , Ther- 
35 motoqa maritima , Thermococcus litoralis, and Methanothermus fervidus. 

[0079] Detection or verification of the labeled oligonucleotide fragments may be accomplished by a variety of methods 
and may be dependent on the source of the label or labels employed. One convenient embodiment of the invention is 
to subject the reaction products, including the cleaved labeled fragments, to size analysis. Methods for determining 
the size of the labeled nucleic acid fragments are known in the art, and include, for example, gel electrophoresis, 
40 sedimentation in gradients, gel exclusion chromatography and homochromatography 

[0080] During or after amplification, separation of the labeled fragments from the PCR mixture can be accomplished 
by, for example, contacting the PCR mixture with a solid phase extractant (SPE). For example, materials having an 
ability to bind oligonucleotides on the basis of size, charge, or interaction with the oligonucleotide bases can be added 
to the PCR mixture, under conditions where labeled, uncleaved oligonucleotides are bound and short, labeled trag- 
us ments are not. Such SPE materials include ion exchange resins or beads, such as the commercially available binding 
particles Nensorb (DuPont Chemical Co.), Nucleogen (The Nest Group), PEI, BakerBond™ PEI, Amicon PAE 1,000, 
Selectacel™ PEI, Boronate SPE with a 3'-ribose probe, SPE containing sequences complementary to the 3* -end of 
the probe, and hydroxylapatite. In a specific embodiment, if a dual labeled oligonucleotide comprising a 3' biotin label 
separated from a 5' label by a nuclease susceptible cleavage site is employed as the signal means, the PCR amplified 
50 mixture can be contacted with materials containing a specific binding partner such as avidin or streptavidin, or an 
antibody or monoclonal antibody to biotin. Such materials can include beads and particles coated with specific binding 
partners and can also include magnetic particles. 

[0081] Following the step in which the PCR mixture has been contacted with an SPE, the SPE material can be 
removed by filtration, sedimentation, or magnetic attraction, leaving the labeled fragments free of uncleaved labeled 
55 oligonucleotides and available for detection. 

[0082] Reagents employed in the methods of the invention can be packaged into diagnostic kits. Diagnostic kits 
include the labeled oligonucleotides and the primers in separate containers. If the oligonucleotide is unlabeled, the 
specific labeling reagents may also be included in the kit. The kit may also contain other suitably packaged reagents 
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and materials needed for amplification, for example, buffers, dNTPs, and/or polymerizing means, and for detection 
analysis, for example, enzymes and solid phase extractants, as well as instructions for conducting the assay. 
[0083] The examples presented below are intended to be illustrative of the various methods and compounds of the 
invention. 

Example 1 

PCR Probe Label Release 

[0084] A PCR amplification was performed which liberated the 5' 32 P-labeled end of a complementary probe when 
specific intended product was synthesized. 

A. Labeling of probe with gamma- 32 P-ATP and polynucleotide kinase 

[0085] Ten pmol of each probe (BW31 , BW33, BW35, sequences provided below) were individually mixed with fifteen 
units of T4 polynucleotide kinase (New England Biolabs) and 15.3 pmol of gamma-32p-ATP (New England Nuclear, 
3000 Ci/mmol) in a 50 uJ reaction volume containing 50 mM Tris-HCI, pH 7.5, 10 mM MgCI 2 , 5 mM dithiothreitol, 0.1 
mM spermidine and 0.1 mM EDTA for 60 minutes at 37°C. The total volume was then phenol/chloroform extracted, 
and ethanol precipitated as described by Sambrook et al. , Molecular Cloning. Second Edition (1989). Probes were 
resuspended in 100 uJ of TE buffer and run over a Sephadex G-50 spin dialysis column to remove unincorporated 
gamma- 32 P-ATP as taught in Sambrook et al., supra. TCA precipitation of the reaction products indicated the following 
specific activities: 

BW31: 1.98x 10 6 cpm/pmol 
BW33: 2.54 x 10 6 cpm/pmol 
BW35: 1.77 x 10 6 cpm/pmol 

Final concentration of all three probes was 0.10 pmol/uJ. 

B. Amplification 

[0086] The amplified region was a 350 base pair product from the bacteriophage M13mp10w directed by primers 
BW36 and BW42. The region of each numbered primer sequence designated herein, follows standard M1 3 nucleotide 
sequence usage. 

SEQ ID NO: 1 BW36 = 5' 5241-5268 3' 

5 , -COTATAGTTTGAGTTCT^CTACTCAGGC-3 , 

SEQ ID NO: 2 BW42 = 5' 5591-5562 3' 

5-GAAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 

[0087] Three different probes were used; each contained the 30 base exactly complementary sequence to 
M13mp10w but differed in the lengths of non-complementary 5' tail regions. Probes were synthesized to have a 3'- 
P0 4 instead of a 3'-OH to block any extension by Tag polymerase. 

SEQ ID NO: 3 BW31 = 5' 5541-5512 3' 

5-*CGCTGCGCGTAACCACCACACCCGCCGCGCX-3' 

SEQ ID NO: 4 BW33 = 5' 5541-5512 3' 

5-*gatCGCTGCGCGTAACCACCACACCCGCCGCCGCGCX-3' 
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SEQIDNO:5 BW35 - 5' 5541-5512 3' 

5 , -*cgtcaccgatCGCTGCGCGTAACCACCACACCCGCCGCGCX-3 , 

s X = 3*-phosphate 

a,t,g,c, = bases non-complementary to template strand 
* = gamma 32 P-ATP label 

[0088] For amplification of the 350 bp fragment, 10" 3 pmol of target M13mp10w sequence were added to a 50 uJ 
reaction volume containing 50 mM KCI, 10 mM Tris-HCI, pH 8.3, 3 mM MgCI 2 , 10 pmol each of primers BW36 and 
.10 BW42, 200 u.M each of the four deoxyribonucleoside triphosphates, 1.25 units Tag DNA polymerase, and either 1,10 
or 20 pmol of isotopically diluted probe BW31, BW33 or BW35. The amount of radiolabeled probe was held constant 
at 0.4 pmol per reaction and diluted to 1 , 10 or 20 pmol with nonradioactive probe. Tag polymerase was added at 4 uJ 
per reaction at 0.31 25 U/uJ and diluted in 1 0 mM Tris-HCI, pH 8.0, 50 mM KCI, 0. 1 mM EDTA, 0.5% NP40, 0.5% Tween 
20, and 500 jig/ml gelatin. 

75 [0089] A master reaction mix was made containing appropriate amounts of reaction buffer, nucleoside triphosphates, 
both primers and enzyme. From this master mix aliquots were taken and to them were added template and various 
concentrations of each probe. Control reactions consisted of adding all reaction components except template, and all 
reaction components except probe. Each reaction mixture was overlayed with 50 uJ of mineral oil to prevent evaporation, 
microcentrifuged for 45 seconds, and then placed into a thermal cycler. Reaction mixtures were subjected to the fol- 

20 lowing amplification scheme: 



Fifteen cycles 


96°C denaturation, 1 min 




60°C anneal/extension, 1 .5 min 


One cycle 


96° C denaturation, 1 min 




60° C anneal/extension. 5.5 min 



After cycling, the mineral oil was extracted with 50 uJ of chloroform, the mixtures were stored at 4°C, and the following 
tests were performed. 

30, 

C. Analysis 

[0090] For acrylamide gel analysis, 4 uJ of each amplification reaction were mixed with 3 uJ of 5X gel loading mix 
(0.125% bromophenoi blue, 12.5% Ficoll 400 in H 2 0) and loaded onto a 4% acrylamide gel (10 ml of 10X TBE buffer, 
35 1 ml of 10% ammonium persulfate, .10 ml of 40% Bis Acrylamide 1 9:1 , 50 uJ of TEMED, and 79 ml of H 2 0) in 1 X TBE 
buffer (0.089 M Tris, 0.089 M boric acid, and 2 mM EDTA) and electrophoresed for 90 minutes at 200 volts. After 
staining with ethidium bromide, DNA was visualized by UV fluorescence. 

[0091] The results showed that the presence of each of these three probes at the various concentrations had no 
effect on the amount of amplified product generated. Sample lanes containing no probe showed discrete high intensity 
40 350 base pair bands corresponding to the desired sequence. All lanes containing probe showed the same, as well as 
a few faint bands at slightly higher molecular weight. Control lanes without template added showed no bands whatso- 
ever at 350 bases, only lower intensity bands representing primer at 30-40 bases. 

[0092] After photographing, the gel was transferred onto Whatman paper, covered with Saran Wrap and autoradio- 
graphed. An overnight exposure revealed that 90-95% of the radiolabel was near the bottom of the gel, where probe 

45 or partially degraded probe would run. 

[0093] For the denaturing gel analysis, 2 uJ of each amplification reaction were mixed with 2 uJ of formamide loading 
buffer (0.2 ml of 0.5 M EDTA pH 8, 10 mg of bromophenoi blue, 10 mg of xylene cyanol, and 10 ml of formamide), then 
heated to 96°C for 3-5 min and placed on ice. Samples were loaded onto a 6.2% denaturing gradient polyacrylamide 
gel (7 M urea with both a sucrose and a buffer gradient) according to the procedure of Sambrook et al., supra. The gel 

50 was electrophoresed for 90 minutes at 2000 V, 45 W, then transferred onto Whatman paper and autoradiographed. 
[0094] Results from the denaturing gel indicated that about 50% of each probe was degraded into smaller labeled 
fragments. Approximately 50%-60% of the counts lie in the 30-40 base range, corresponding to undergraded probe. 
A very faint band is visible at 300 bases for all the amplification reactions, suggesting that a very small percentage of 
the probes have lost, or never had, a 3'-P0 4 group and have been extended. The remainder of the counts are in the 

55 range of zero to fifteen bases. The resolution on such a gel does not reveal the exact size of products, which can be 
better determined by homochromatography analysis. 

[0095] For a homochromatography analysis, 1 uJ of each sample was spotted 1.2 cm apart onto a Polygram CEL 
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300 DEAE 20 x 20 cm cellulose thin layer plate, which was pre-spotted with 5 uJ of sheared herring sperm DNA (150 
fig/ml) and allowed to dry. After the sample was dried, the plate was placed in a trough with distilled H 2 0, and the water 
allowed to migrate just above the sample loading area. The plate was then placed in a glass development tank con- 
taining filtered Homo-mix III (Jay et aL, 1979, Nuc. Acid Res . J. (3): 33 1-353), a solution of partially hydrolized RNA 
containing 7 M urea, in a 70°C oven. The Homo-Mix was allowed to migrate by capillary action to the top of the plate, 
at which time the plate was removed, allowed to dry, covered with Saran Wrap, and then autoradiographed. 
[0096] An overnight exposure of the homochromatography plate also indicated that about 40% of the probes were 
degraded into smaller fragments. These fragments were very specific in size, depending upon the length of the 5' non- 
complementary tail of each probe. Figure 1 shows an autoradiograph of the TLC plate. Probe BW31 (Lanes 1 -3), which 
was fully complementary to the M13mp10w template, generated labeled fragments predominantly one to two' bases 
long. Probe BW33, (Lanes 4-6), containing a 5' 3 base non-complementary region, released products predominantly 
four to six bases long. BW35 (Lanes 7-9) had a 5' 1 0 base non-complementary tail and released products predominantly 
12 to 13 bases in length. Lanes 10-12 are control reactions containing either BW31, BW33 or BW35 and all PCR 
components except template after 1 5 cycles. During DNA synthesis, the enzyme displaced the first one or two paired 
bases encountered and then cut at that site, indicative of an endonuclease-like activity. The results show specific probe 
release coordinate^ with product accumulation in PCR. 

Example 2 



20 Specificity of Probe Label Release 



25 



[0097] The specificity of labeled probe release was examined by performing a PCR amplification using bacteriophage 
lambda DNA and primers, and a series of non-complementary kinased probes. 

[0098] The region to be amplified was a 500 nucleotide region on bacteriophage lambda DNA from the GeneAmp® 
DNA Amplification Reagent kit (Perkin-Elmer Cetus), flanked by primers PCROI and PCR02, alsof rom the GeneAmp® 
DNA kit. 



SEQ ID NO: 6 PCROI - 5' 7131-7155 3' 

5-GATGAGTTCGTGTCCGTACAACTGG-3' 

SEQ ID NO: 7 PCR02 - 5' 7630-7606 3*; 

5-GGTTATCGAAATCAGCCACAGCGCC-3 , 

Aliquots of the same three labeled probes BW31, BW33 and BW35 identified in Example I, were used, all of which 
were entirely non -complementary to the target sequence. 

[0099] For amplification of the 500 base pair region, 0.5 ng of target lambda DNA sequence (control Template, Lot 
#3269, 1 ng/ml, dilute 1:10 in 10 mM Tris-HCI pH 8.0, 1 mM EDTA, andlOmM NaC I for stock) were added to a 50 jjj 
reaction volume containing 50 mM KCI, 10 mM Tris-HCI, pH 8.3, 3 mM MgCI 2 , 1 uJvl each of primers PCROI (Lot 
#3355) and PCR02 (Lot #3268), 200 uJvl each of four deoxynucleoside triphosphates, 1 .25 units Tag DNA polymerase, 
and either 2, 1 0 or 20 pmol of isotopically diluted probe BW31 , BW33 or BW35. The amount of radiolabeled probe was 
held constant to 0.4 pmol per reaction and diluted to 1 10 or 20 pmol with nonradioactive probe. Jag DNA polymerase 
was added at 4 uJ per reaction at 0.3125 units/uJ and diluted in 10 mM Tris-HCI pH 8.0, 50 mM KCI, 0.1 mM EDTA, 
0.5% NP40, 0.5% Tween 20, and 500 u.g/ml gelatin. 

[0100] The master reaction mix was made as previously taught, along with the control reactions minus probe or 
minus enzyme. The reaction mixtures were amplified following the cycling conditions set forth in Example 1 B and then 
analyzed as follows. For acrylamide gel analysis, 4 uJ of each amplification reaction mixed with 3 uJ of 5X loading mix 
were loaded onto a 4% acrylamide gel in 1 X TBE buffer and electrophoresed for 90 minutes at 200 volts. After staining 
with ethidium bromide, DNA was visualized by UV fluorescence. 

[0101] The results show that the presence of any probe at any concentration has no effect on the amount of amplified 
product generated. Sample control lanes containing no probe, and all lanes containing probe, showed a discrete high 
intensity 500 base pair band corresponding to the desired sequence. Control lanes with no enzyme added did not show 
any product bands but only low intensity bands representing primer and probe of approximately 30-40 nucleotides. 
[0102] The homochromatography analysis provided in Figure 2 shows an overnight exposure of the plate in which 
no degradation of the probes was observed. All of the counts were located at the point of origin, showing no release 
of labeled fragments. Lanes 1-3 are reactions containing probe BW31; Lanes 4-6 include probe BW33; Lanes 7-9 
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include probe BW35; and Lanes 10.-12 are control reactions without template. The results show that the probe is not 
degraded unless specifically bound to target and is able to withstand the PCR cycling conditions. 
[0103] In the denaturing gel analysis, 2 uJ of each amplification reaction were mixed with 2 uJ of formamide loading 
buffer (described in Example I) and placed on a heat block at 96°C for 3-5 min. Samples were immediately placed on 
ice and loaded onto a 6.2% denaturing gradient acrylamide gel, and electrophoresed for 90 minutes at 2000 volts. 
After electrophoresis, the gel was transferred onto Whatman paper, covered with Saran Wrap, and autoradiographed. 
[0104] An overnight exposure revealed all of the counts in the 30-40 base pair range, corresponding to the sizes of 
the probes. Once again, there was no probe degradation apparent, further confirming that probe must be specifically 
bound to template before any degradation can occur. 

Example 3 

Specificity of Probe Label Release in the Presence of Genomic DNA 

is [0105] In this example, the specificity of probe label release was examined by performing a PCR amplification in the 
presence of degraded or non-degraded human genomic DNA. 

[0106] The BW33 kinased probe used in this experiment had a specific activity of 5.28 x 1 0 6 cpm/pmol determined 
by TCA precipitation following the kinasing reaction. The region amplified was the 350 base pair region of M13mp10w, 
flanked by primers BW36 and BW42. Primer sequences and locations are listed in Example 1 . Human genomic DNA 
20 was from cell line HL60 and was used undegraded or degraded by shearing in a french press to an average size of 
800 base pairs. 

[0107] Each 50 uJ amplification reaction consisted of 10' 2 or 10* 3 pmol of M13mp10w target sequence, 1 u.g of either 
degraded or non-degraded HL60 genomic DNA added to a mixture containing 50 mM KCI, 10 mM Tris HCI, pH 8.3, 3 
mM MgCI 2 , 10 pmol each of primers BW36 and BW42, 200 u.M each of four deoxyribonucleoside triphosphates, 1 .25 
25 units Tag DNA polymerase and 1 0 pmol of isotopically diluted probe BW33. 

[01 08] A master reaction mix was made containing appropriate amounts of reaction buffer, nucleoside triphosphates, 
primers, probe, and enzyme. Aliquots were made and to them was added M13mp10w template and/or genomic DNA. 
Control reactions included all reaction components except M13mp10w target DNA or all reaction components except 
genomic DNA. 

30 [0109] Each reaction mixture was overlayed with 50 uJ of mineral oil, microcentrifuged, and placed into a thermal 
cycler. Reaction mixtures were subjected to the following amplification scheme: 



35 



For 10, 15 or 20 cycles 


96° C denatu ration, 1 min 




60°C anneal/extension. 1 .5 min 


Final cycle 


96°C denaturation, 1 min 




60° C anneal/extension. 5.5 min 



After cycling, the mineral oil was extracted using 50 u,l of chloroform and samples were stored at 4°C. Samples were 
subsequently analyzed by a 4% acrylamide gel electrophoresis, and homochromatography analysis. 
[0110] For the acrylamide gel analysis, 4 uJ of each reaction mixture were mixed with 3 u.l of 5X gel loading mix, 
loaded onto a 4% acrylamide gel in 1 X TBE buffer, and electrophoresed for 90 minutes at 220 volts. DNA was visualized 
by UV fluorescence after staining with ethidium bromide. 

[0111] In the lanes corresponding to control samples containing no M13mp10w target DNA, there were no visible 
product bands, indicating the absence of any crossover contamination of M13mp10w. All subsequent lanes showed a 
band at 350 bases corresponding to the expected sequence. The intensity of the band was greater when .10" 2 pmol 
M1 3mp10w target DNA was present over 10 -3 pmol in the absence or presence of genomic DNA (degraded or unde- 
graded). The product band intensity increased with increasing number of amplification cycles. Twenty cycles produced 
a band with twice the intensity of that seen at ten cycles, and fifteen cycles generated a band of intermediate intensity. 
The amount of PCR product present varied with the amount of starting target template and the number of cycles, and 
the presence of 1 u.g of human genomic DNA, whether degraded or undegraded, showed no effect at all on this product 
formation. 

[0112] In the homochromatography analysis, 1 uJ of each reaction mixture was spotted onto a DEAE thin layer plate, 
and placed in a developing chamber containing Homo-Mix III at 70°C. After 90 minutes, the plate was removed, allowed 
to dry, covered with Saran Wrap, and autoradiographed. An overnight exposure is shown in Figure 3; in Figure 3A, 
Lanes 1 to 6 show PCR reaction cycles in the absence of M13mp10w template DNA containing, alternately, degraded 
and undegraded HL60 DNA at 10, 15, and 20 cycles; and Lanes 7-12 are duplicate loading control reactions containing 
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M13mp10w template DNA without any human genomic DNA at 10, 15 and 20 cycles. In Figure 3B, reactions are 
amplified over increasing 5 cycle increments starting at 1 0 cycles. The M1 3mp1 Ow template DNA concentration in the 
reactions shown in Lanes 1, 2, 5, 6, 9, and 10 is 10" 2 pmol, while in lanes 3, 4, 7, 8, 11, and 12 is 10' 3 pmol. The 
reactions shown in the odd numbered lanes from 1 through 11 contain degraded human genomic DNA, and the even 
numbered lanes contain non-degraded human genomic DNA. Labeled probe fragments were seen as two well-defined 
spots migrating at approximately 4 and 5 bases in length on the thin layer plate. As the starting template concentration 
increased and/or as the cycle number increased, the amount of released labeled probe fragments also increased. The 
presence or absence of degraded or non-degraded human genomic DNA did not interfere with or enhance probe 
hybridization and degradation. 

[0113] The results show that increased amounts of released small probe fragments occur coordinately and simulta- 
neously with specific product accumulation during the course of a PCR assay. The presence or absence of either a 
large amount of high complexity human genomic DNA or a large number of random DNA "ends" has no effect on 
specific product accumulation or degree of probe release. Finally, the presence of a large amount of high complexity 
human genomic DNA does not lead to any detectable probe release in the absence of specific product accumulation. 

Example 4 

PCR with 3' Labeled Probe 

[0114] A PCR amplification was performed which liberated a hybridized 3' radiolabeled probe into smaller fragments 
when the probe was annealed to template. The sequences of the probes were as follows: 

SEQ ID NO: 8 DG46 = 5* 5541-5512-3' 

5 , -CGCTGCXJCGTAACCACCACACCCGCCX)CGC-3 , 

SEQ ID NO: 9 BW32 = 5' 5541-5512-3' 

5-gatCGCTGCGCGTAACCACCACACCCGCCGCGC-3' 

SEQ ID NO: 10 BW34= 5' 5541-5512-3* 

5 , -cgtcaccgatCGCTGCGCX3TAACCACCACACCCGCCGCGC-3 , 

A. Labeling of Probes with 32 P-cordycepin and terminal transferase 

[0115] Five pmol of each probe (DG46, BW32, and BW34) were individually mixed with 17.4 units of terminal trans- 
ferase (Stratagene) and 10 pmol of [a- 32 P]-cordycepin (cordycepin: 3'-deoxyadenosine-5' triphosphate, New England 
Nuclear, 5000 Ci/mmol, diluted 3X with ddATP [Pharmacia]) in a 1 7.5 u.l reaction volume containing 1 00 mM potassium 
cacodylate, 25 mM Tris-HCI, pH 7.6, 1mM CoCI 2 , and 0.2 mM dithiothreitol for 60 minutes at 37°C. The total volume 
was then phenol/chloroform extracted and ethanol precipitated. Probes were resuspended in 50 uJ of TE buffer and 
run over a Sephadex G-50 spin dialysis column according to the procedure of Sambrook, et a]., Molecular Cloning, 
supra. The final concentration of probes was 0.1 pmol/ul TCA precipitation of the reaction products indicated the 
following specific activities: 



Denaturing gradient gel analysis comparison of the 3' radiolabeled probes to 5' kinased probes BW31, BW33 and 
BW35, show that the 3' radiolabeled probes ran in a similar fashion to the 5' radiolabeled probes. 
[0116] Once again, the region amplified was the 350 base region on M13mp10w defined by primers BW36 and 
BW42. Primer sequences and locations are listed in Example 1 . Each amplification mixture was prepared adding 10* 3 
pmol of the target M1 3mp10w DNA to a 50 uJ reaction volume containing 50 mM KCI, 10 mM Tris HCI, pH 8.3, 3 mM 



DG46 | 2.13x10 6 cpm/pmol 
BW32 | 1.78x 10 6 cpm/pmol 
BW34 ] 5.02x10 6 cpm/pmol 
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10 



15 



20.- 



25 



30 



MgCI 2 , 10 pmol each of primers BW36 and BW42, 200 u.M each of four deoxynucleoside triphosphates, 1.25 units of 
Tag DNA polymerase, and either 2, 10, or 20 pmol of isotopically diluted probe DG46, BW32, or BW34. 
[0117] A master reaction mix was made containing appropriate amounts of reaction buffer, nucleoside triphosphates, 
template, and enzyme. Aliquots were made and to them was added the appropriate amount of primers and probes. 
Control reactions included all reaction components except primers, and all reaction components except probe. 
[0118] Reaction mixtures were overlaid with 50 uJ of mineral oil, microcentrifuged, and placed into a thermal cycler. 
The amplification scheme was as follows: 



Fifteen cycles 


96°C denaturation, 1 min 




; 60°C anneal/extension. 1.5 min 


Final cycle 


96°C denaturation, 1 min 




! 60°C anneal/extension, 5.5 min 



After cycling, the mineral oil was extracted using 50 jil of chloroform, and samples were stored at 4°C. 

[0119] Samples were analyzed by a 4% acrylamide gel, an 8% denaturing gradient acrylamide gel, and by homo- 

chromatography. For all three analyses, handling of reaction mixtures was as previously described. 

[01 20] In the 4% acrylamide gel analysis, a sharp band corresponding to the desired product at 350 bases was visible 

in all of the reaction mixtures except control reactions minus primers. In all of the reaction mixtures containing both 

primers and probe, a second band was visible at approximately 300 bases. This second band became more intense 

with increasing probe concentration, and probably corresponded to probe which was either not efficiently 3' radiolabeled 

or lost the 3' label, allowing probe extension and generating a product. 

[0121] An overnight exposure of the 8% denaturing gradient acrylamide gel showed attribution of products ranging 
from full size probe down to less than 1 5 bases with all three probes being run. As would be expected, the 5-3' nuclease 
activity of lag DNA polymerase degraded the probe to a point where the degraded probe dissociated from the template. 
[0122] The wide size distribution of products was illustrative of the continuously changing concentrations of reactants 
and temperature changes during PCR cycling. Such variations would lead to changes in annealing kinetics of probe 
and enzyme, allowing for probe to dissociate in a variety of sizes at different times in the cycling routine. 
[0123] The homochromatography plate revealed the smallest product to be about 10 to 1 2 bases in length for all the 
probes examined. Since all three probes had identical sequence except at the 5' tail region, this result shows that for 
this particular probe sequence at an anneal/extend temperature of 60°C, the probe was degraded to about 10 bases 
and then dissociated from the template. 



35 



40 



Example 5 

Polymerization Independent 5' -3' Nuclease Activity of Tag DNA Polymerase 

[0124] Tag DNA polymerase was able to liberate the 5 1 32 P-labeled end of a hybridized probe when positioned in 
proximity to that probe by an upstream primer. A series of primers was designed to lie from zero to twenty bases 
upstream of hybridized kinased probe BW33. These primers are shown below. 



45 



BW37 SEQ ED NO: 11 Delta-O 5 f 5571-5542 3' 

5'-GCGCTAGGGCGCTGGCAAGTGTAGCGGTCA-3' 



50 



BW38 SEQ ID NO: 12 Delta- 1 5' 5572-5543 3' 

S'-GGCGCTAGGGCGCTGGCAAGTGTAGCGGTC-S 1 

BW39 SEQ ID NO: 13 Delta-2 5' 5573-5544 3' 

S'-GGGCGCTAGGGCGCTGGCAAGTGTAGCGGT-S 1 
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BW40 



SEQ ID NO: 14 Delta-5 5' 5576-5547 3' 
S'-AGCGGGCGCTAGGGCGCTGGCAAGTGTAGC-S' 



5 



BW41 



SEQ ID NO: 15 Delta- 10 5* 5581-5552 3' 
5-AAAGGAGCGGGCGCTAGGGCGCTGGCAAGT-3' 



10 



BW42 



SEQ ID NO: 16 Delta-20 5' 5591-5562 3' 
5^3AAGAAAGCGAAAGGAGCGGGCGCTAGGGC-3' 



75 [0125] About 0.5 pmol of probe BW33 and 0.5 pmol of one of each of the primers were annealed to 0.5 pmol 
M13mp10w in a 10.5 jjJ reaction volume containing 50 mM KCI, 10 mM Tris-HCI, pH 8.3, and 3 mM MgCI 2 . Control 
reaction mixtures contained either 20 jiM or 200 u.M each of four deoxynucleoside triphosphates. An additional primer, 
DG47, positioned 530 bases upstream from the probe was used. 



Reaction mixtures were heated to 98°C for 1 min and annealed at 60°C for 30 min. Tubes were then microcentrif uged 
25 and placed in a water bath at 70°C. After ample time for reaction mixtures to equilibrate to temperature, 10, 5, 2.5, 
1.25, or 0.3125 units of Tag DNA polymerase were added, and 4 uJ aliquots were removed at 2, 5, and 10 minutes. 
Enzyme was inactivated by adding 4 uJ of 10 mM EDTA to each aliquot and placing at 4°C. Reaction mixtures were 
examined by homochromatography analysis. 

[0126] In the homochromatography analysis, 1 uJ of each sample was spotted onto DEAE cellulose thin layer plates 
30 and placed into a development chamber containing Homo-Mix III at 70°C. Homo-Mix was allowed to migrate to the 
top of each plate, at which time the plates were removed, dried, covered with Saran Wrap, and autoradiographed. 
Figure 4 shows the results of this experiment. 

[0127] In Figure 4, Lanes 1 through 3 contain radiolabeled oligonucleotide molecular size markers of 6, 8, 9, 10, 11, 
12, and 13 nucleotides. Lanes 4-10 show reactions for primers BW37, BW38, BW39, BW40, BW41, BW42, and DG47, 
35 respectively, in the absence of dNTP's. Lanes 11-24 show control reactions for all primers in the presence of 20 mM 
or 200 mM dNTP. 

[0128] In the absence of dNTPs, Tag DNA polymerase generated labeled probe fragments using all of the primers 
with considerably less label being released as the primer-probe spacing increased. This effect was seen at all the 
enzyme concentrations examined (0.31 25 U to 1 0 U/reaction) and all timepoints. The sizes of fragments released were 
40 the same, about two and three bases in length; however, the primary species varied depending upon which primer 
was added. The majority species released by the delta zero and delta two primers was one base smaller than that 
released by the delta one, five, ten, and twenty primers. This nuclease activity was polymerization-independent and 
proximity-dependent. 

[0129] In the presence of nucleoside triphosphates, the sizes of labeled probe fragments released, and the relative 
45 proportions of each, were identical for all the primers examined. Also, the sizes of products were larger by one to two 
bases when dNTPs were present. It may be that while the enzyme was polymerizing, it had a "running start" and as it 
encountered hybridized probe, was simultaneously displacing one to two bases and then cutting, thus generating a 
larger fragment. 

[0130] There was no detectable difference in amount of product released when dNTPs were at 20 jiM or 200 u.M 
50 each and no significant differences were seen due to extension times or enzyme concentrations in the presence of 
dNTPs. 



55 Example to Illustrate the Nature of Released Product Based on Probe Sequence at the 5' End 

[0131] The effect of strong or weak base pairing at the 5* complementary region of a probe on the size of released 
product was assessed. Two probes, BW50 and BW51 , were designed to contain either a GC- or an AT-rich 5' comple- 



te 



DG47 SEQ ID NO: 17 Dclta-530 5' 6041-6012 3' 

5-CGGCCAACGCGCGGGGAGAGGCGGTTTGCG-3' 



Example 6 
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mentary region. BW50 and BW51 were compared to probe BW33 used in Example V. 
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SEQ ID NO: 18 BW50 = 5' 5521-5496 3* 

5 , -latCCCGCCGCGC^TAATGCGCCGCTACA-3 , 

SEQ ID NO: 19 BW51 =5* 551 1-5481 3' 

5-gcaTTAATGCGCCGCTACAGGGCGCGTACTATGG-3' 



a,t,g,c = bases which are non-complementary to template strand 

[0132] BW50, BW51 , and BW33 were labeled with 32 P-ATP using polynucleotide kinase and had the following spe- 
75 cific activities: 



BW50 I 1.70x 10 6 cpm/pmol 
BW51 | 2.22 x10 6 cpm/pmol 
BW33 ! 1.44 x10 s cpm/pmol 



[0133] The final concentration of all three probes was 0.10 pmol/ul. 

[01 34] Individually, 0.5 pmol of either probe BW50, BW51 , or BW33 and 0.5 pmol of primer BW42 were annealed to 

0. 5 pmol of M13mp10w in a 10.5 jil reaction volume containing 50mM KCI, 10 mM Tris HCI, pH 8.3, 3 mM MgCI 2 , and 
200 u,M each of four deoxynucleoside triphosphates. Control samples contained all reaction components except tem- 
plate. For the annealing step, reaction mixtures were heated to 98°C for 1 minute and annealed at 60°C for 30 minutes. 
Tubes were then microcentrifuged and placed in a water bath at 50°C, 60°C, or 70°C. After ample time for reaction 
mixtures to equilibrate to temperature, 0.3125 units of Tag DNA polymerase was added. Four uJ aliquots were removed 
at 1 , 2, and 5 minutes. Reactions were inactivated by adding 4 uJ of 10 mM EDTA to each aliquot and placing at 4°C. 
Samples were examined by homochromatography analysis and the results are shown in Figures 5 and 6. 

[0135] Figure 5 shows the reactions containing the GC-rich probe BW50. Lanes 1-3 contain oligonucleotide molecular 
size markers of 6, 8, 9, 10, 11, 12, and 13 nucleotides. Lanes 4-6 show extension reactions performed at 50°C for 1, 
2, and 5 minutes. Lanes 7-9 show extension reactions at 60°C for 1, 2, and 5 minutes. Lanes 10-12 show reactions 
at 70° C for 1 , 2, and 5 minutes. Lanes 1 3-1 5 are control reactions containing all components except template, incubated 
at 70°C for 1 , 2, and 5 minutes. 

[0136] Figure 6 shows the reactions containing the AT rich probe BW51 . As in Figure 5, Lanes 1 -3 are oligonucleotide 
molecular size markers of 6, 8, 9, 10, 11 , 1 2, and 13 nucleotides. Lanes 4-6 are extension reactions performed at 50°C 
for 1, 2 and 5 minutes. Lanes 7-9 are reactions at 60°C at 1, 2, and 5 minutes. Lanes 10-12 are reactions at 70°C at 

1 , 2, and 5 minutes. Lanes 13-15 are control reactions containing all components except template, incubated at 70 D C 
for 1, 2, and 5 minutes. 

[0137] The results demonstrate that the nature of probe label release was dependent on temperature and base 
composition at the 5* end. The more stable GC-rich probe BW50 showed little label release at 50°C (Figure 5, Lanes 
4-6) and increasingly more at 60° C (Figure 5, Lanes 7-9) and 70°C (Figure 5, Lanes 10-12). The major products 
released were about 3-5 bases in length. BW51, which was AT-rich at the 5' end, showed as much label release at 
50°C (Figure 6, Lanes 4-6) as was observed at the higher temperatures. In addition, the AT-rich probe generated larger- 
sized products than the GC-rich probe. The base composition of the AT-rich probe may give the opportunity for a 
greater "breathing" capacity, and thus allow for more probe displacement before cutting, and at lower temperatures 
than the GC-rich probe. 

Example 7 

HIV Capture Assay 

[01 38] The following is an example of the use of a dual labeled probe containing biotin in a PCR to detect the presence 
of a target sequence. Two oligonucleotides, BW73 and BW74, each complementary to a portion of the HIV genome, 
were synthesized with a biotin molecule attached at the 3' end of the oligonucleotide. The 5' end of each oligonucleotide 
was additionally labeled with 32 P using polynucleotide kinase and gamma- 32 P- ATP. The two oligonucleotides PH7 and 
PH8 are also complimentary to the HI V genome, flank the region containing homology to the two probe oligonucleotides, 
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and can serve as PCR primers defining a 1 42 base product. The sequences of these oligonucleotides are shown below. 
SEQ ID NO: 20 BW73 = 32 P-G AG A(X ATC AATG AGG AAGCTGCAG AATGGG AT- Y 
SEQIDNO: 21 BW74= 32 P-gtgG AG ACCATC AATG AGG AAGCTGCAG AATGGG AT- Y 



10 



SEQ ID NO: 22 PH7 m AGTGGGGGGACATCAAGCAGCCATGCAAAT 
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SEQ ID NO: 23 PH8 = TG CTATG TC AGTTCCCCTTG GTTCTCT 



In the sequences.'T'is a biotin, and lower case letters indicate bases that are non-complementary to the template 
strand. 

[0139] A set of 50 jil polymerase chain reactions was constructed containing either BW73 or BW74, each doubly 
labeled, as probe oligonucleotides at 2 nM. Additionally, HIV template in the form of a plasmid clone was added at 
either 10 2 or 10 3 copies per reaction, and primer oligonucleotides PH7 and PH8 were added at 0.4 uJvl each, lag 
polymerase was added at 1 .25 U per reaction and dNTPs at 200 u.M each. Each reaction was overlayed with 50 u.l of 
oil, spun briefly in a microcentrifuge to collect all liquids to the bottom of the tube, and thermocycled between 95°C 
and 60°C, pausing for 60 seconds at each temperature, for 30, 35, or 40 cycles. At the conclusion of the thermocycling, 
each reaction was extracted with 50 uJ of CHCI 3 and the aqueous phase collected. 

[0140] Each reaction was analyzed for amplification by loading 3 uJ onto a 5% acrylamide electrophoresis gel and 
examined for the expected 1 42 base pair product. Additionally, 1 uJ of each reaction was examined by TLC homochro- 
motography on DEAE cellulose plates. Finally, each reaction was further analyzed by contacting the remaining volume 
with 25 uJ of a 10 mg/ml suspension of DYNABEADS M-280 streptavidin labeled, superparamagnetic, polystyrene 
beads. After reacting with the beads, the mixture was separated by filtration through a Costar Spin X centrifuge filter, 
the filtrate collected and the presence of released radiolabel determined. 

[0141] Figure 7 contains images of the two gels used and shows that 142 base pair product occurs in all reactions, 
with and without probe, and increases in amount both as starting template was increased from 10 2 to 10 3 copies and 
as thermocycling was continued from 30 to 35 and 40 cycles. 

[0142] Figure 8 is a composite of two autoradiographs of the TLC analysis of aliquots of the PCRs and show that 
radiolabel release occurs and increases in amount with both increase in starting template and with longer thermocycling. 
In the first TLC of PCRs using BW73, lanes 1 and 3 contain radiolabeled oligonucleotides 2 and 3 bases in length as 
size standards. Lanes 4, 5, and 6 contain samples from PCRs with 10 2 starting copies of template and lanes 7, 8, and 
9 with 103 starting copies. Samples in lanes 4 and 7 were thermocycled for 30 cycles; in lanes 5 and 8 for 35 cycles; 
and in lanes 6 and 9 for 40 cycles. In the second TLC of PCRs using BW74, lanes 1 and 2 are the radiolabeled 2 mer 
and 3 mer; lanes 4, 5, and 6 contain samples from PCRs with 10 2 starting copies of template thermocycled for 30, 35, 
and 40 cycles, respectively, and lanes 7, 8 and 9 with 10 3 copies of starting template thermocycled for 30, 35 and 40 
cycles, respectively. The size of the released label is smaller with BW73, which has no 5' non-complementary bases, 
and larger with BW74, which has a 5' three base non-complementary extension. 

[0143] Each chromatogram was additionally analyzed by two-dimensional radioisotope imaging using an Ambis 
counter. The results of Ambis counting and bead capture counting are shown in Table 1 . The good agreement in the 
two methods of measuring label release demonstrates the practicality of the use of labeled biotinylated probes and 
avidinylated beads in PCRs to determine product formation. 

Table 1 





Number of Cycles 


% of Label Released 


Ambis 


Capture 


BW73 


30 


6.9 


10.8 


10 2 copies 


35 


. 29,0 


32.7 




40 


47.2 


47.2 


10 3 copies 


30 


11.8 


16.8 




35 


35.6 


39.3 



18 



EP 0 543 942 B1 



Table 1 (continued) 





Number of Cycles 


% of Label Released 


Ambis 


Capture 




/in 


53.4 


52.5 


BW74 


30 


8.3 


7.9 


10 2 copies 


35 


20.7 


25.2 




40 


43.2 


48.3 


10 3 copies 


30 


15.7 


14.7 




35 . 


32 


37.7 




40 


46 


47.9 



Example 8 

Probe Labeling and Solid Phase Extractant Methodology 

[0144] In one embodiment of the present invention, a separation step is employed after probe cleavage but prior to 
determination of the amount of cleaved probe to separate cleaved probe products from uncleaved probe. Two alternate 
separation methods are preferred: (1) the use of avidinylated or streptavidinylated magnetic particles to bind probes 
labeled at the 3'-end with biotin and at the 5'-end with a fluorophore; the magnetic particles bind both uncleaved probe 
and the 3'-fragment that is the product of probe cleavage; and (2) the use of magnetic ion exchange particles that bind 
oligonucleotides but not mono- or dinucleotides that are typically labeled at the 5'-end with a fluorophore or 32 R Various 
aspects of these alternate strategies are discussed below 

A. Avidinylated Magnetic Particles 

[0145] The separation system involving 3'-biotinylated probes and magnetic avidinylated (or streptavidinylated) 
beads is carried out preferably with beads such as Dynabeads™ from Dynal; these beads have a biotin binding capacity 
of approximately 100 pmoles per 50 uJ of beads. Nonspecific adsorption is minimized by first treating the beads with 
both Denhardt's solution and carrier DNA. 

[0146] The probe for streptavidin-biotin separation methods requires a biotin moiety at the 3'-terminus and a fluor- 
ophore at the 5'-terminus. The 3'-biotin functions both as a ligand for separation by streptavidinylated (or avidinylated) 
beads and as a block to prevent the extension of probe during the amplification. Post-synthesis modifications can be 
simplified by extending each end of the probe with a different nucleophile; for instance, one can add an amine to the 
3'-end for the addition of biotin and a blocked thiol at the 5-end for later addition of the fluorophore. The 3'-biotinylated 
probes can be prepared in a variety of ways; some of which are illustrated below. 

[01 47] An NHS-active ester derivative of biotin can be added to the 3'-amine of the probe by the reaction mechanism 
shown in Figure 9. The resulting linkage creates a secondary hydroxyl gamma to the amide carbonyl, which may result 
in instability during the repeated thermal cycling of a typical PCR. For instance, thermal cycling for 40 cycles can render 
as much as 6% of the initial probe added unable to bind to magnetic avidinylated particles. When the bond between 
the probe and the attached biotin breaks down as a result of thermal cycling, the probe can no longer be separated 
from the cleaved products and contributes to the background. Although one can help overcome this problem by at- 
taching more than one biotin to the probe, several alternate methods for attaching biotin to an oligonucleotide may 
yield more stable products. 

[0148] One can react biotin hydrazide with aldehydes generated from a 3'-ribose on the probe to yield a biotinylated 
oligonucleotide. For this strategy, the 3'-nucle6tide of the probe contains a ribose sugar in place of the deoxyribose 
sugar. During synthesis, the 3'-ribose is attached to the solid support by either its 2'- or 3'-OH. Following synthesis, 
the completed oligonucleotide is released from the solid support, and the vicinal diols of the ribose are oxidized by 
sodium periodate (Nal0 4 ) to aldehydes that are then reacted with the biotin hydrazide, as shown in Figure 10, and the 
product is reduced by sodium borohydride (NaBH 4 ). However, the resulting biotinylated probe does not bind efficiently 
to avidinylated magnetic particles. The use of biotin long chain hydrazide, a compound also shown in Figure 10, can 
solve this problem. 

[0149] One can attach the biotin to the probe during probe synthesis using a soluble biotin phosphoramidite, as 
shown in Figure 11. The synthesis begins with a base attached to controlled porous glass (CPG), which is ultimately 
discarded. A phosphoramidite, which allows the generation of a 3'-phosphate on ammonium hydroxide deprotection 
of the synthetic oligonucleotide, is added. The biotin phosphoramidite is then added, and the oligonucleotide synthe- 
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sized is as shown in Figure 11, which also shows the final product. This method of attachment allows the use of 5'- 
amine terminated oligonucleotides for the attachment of a fluorophore. The use of a 3-amine for the attachment of 
biotin limits the chemistry of attachment of fluorophore to S'-thiols. Utilization of a biotin phosphoramidite in which one 
of the biotin nitrogens is blocked may improve the synthesis of the biotin labeled probe. 
5 [0150] One can also use a commercial reagent that consists of biotin directly attached to porous glass; the reagent 
is the starting substrate for probe synthesis and is shown in Figure 12. This method of attachment allows the use of 
5'-amine terminated oligonucleotides for the attachment of a fluorophore. The use of a 3'-amine for the attachment of 
biotin limits the chemistry of attachment of fluorophore to 5' -thiols. Enzymatic methods of attachment of modified nu- 
cleotides to the 5'-ends of oligonucleotides are also available, although limited in their generality and practicality. 

10 

B. Magnetic Ion Exchange Matrices 

[0151] One can use commercially available polyethyleneimine (PEI) matrices (cellulose-, silica-, and polyol polymer- 
based) particles to separate cleaved from uncleaved probe. For instance, Hydrophase PEI, Selectacel™ PEI, Baker- 
's bond™ PEI, and Amicon PAE 300, 1000, and 1000L are all commercially available PEI matrices that give separation 
of uncleaved probe from cleaved probe products. 

[0152] Commercially available activated cellulose magnetic particles, such as Cortex MagaCell™ particles can be 
derivatized with PEIs of various lengths, such as PEI600, PEI1800, and PEHO.,000, and at different molar ratios of PEI 
per gram of matrix. However, all sizes of oligonucleotides and coumarin-labeled oligonucleotides bind to magnetic 

20 cellulose and agarose beads whether or not they have been derivatized with PEI (the specificity seen. with oligonucle- 
otides on commercially available PEI matrices is lost when one labels the oligonucleotides with coumarin). The addition 
of high concentrations of salt (2.0 M NaCI) or N-methyl pyrrolidone (10 to 20%) partially increases the specificity, and 
other cosolvents such as SDS, Brij 35, guanidine, and urea can also be used to increase the specificity of binding. 
However, 8 M urea provides efficient blocking of the nonspecific binding of coumarin labeled di- and trinucleotides to 

25 both Bakerbond™ PEI and magnetic Cortex™ PEI derivatized particles, although the use of N-substituted ureas may 
be more preferred. 

[0153] As noted above, Cortex Biochem sells a variety of activated cellulose coated magnetic particles that can be 
linked to PEI. The most convenient of these is the periodate activated matrix. The protocol recommended by the man- 
ufacturer to attach amines to the periodate activated matrix, however, has several problems: the reaction of an amine 

30 with an aldehyde results in imines that are labile and can be hydrolyzed or reacted further with amines; during the step 
to block remaining aldehydes by the addition of excess ethanolamine, the PEI can be displaced by ethanolamine, thus 
removing the PEI from the matrix; during the conjugation reaction under basic conditions, aldol condensation can lead 
to reaction among the aldehyde groups, thereby resulting in aggregation of the particles; and reaction of aldehydes 
under basic conditions may result in free radicals that can attack the cellulose, and participate in a variety of reactions. 

35 [0154] To stabilize the imine, a reduction step (with NaBH 4 and NaBH 3 CN) can be included; however, this step can 
result in the production of gas, a decrease in the mass of the particles, and particle agglutination. These unwanted 
effects may result from the production of free radicals. The complications resulting from conjugation to active aldehydes 
may be avoided through the use of epoxide chemistry. The resulting beta-hydroxyamines are stable and do not require 
reduction. In addition, because oxygen may participate in the generation of free radicals, the removal of oxygen from 

40 the system should minimize free radical formation, especially during the reduction step. In one synthesis of PEI deri- 
vatized cellulose coated magnetic particles, the ethanolamine blocking step was eliminated and the preparation purged 
overnight with helium prior to and during reduction with sodium cyanoborohydride! There was little aggregation in the 
final preparation. 

[0155] Polyacrolein magnetic particles can be derivatized with both PEI600 and ethylene diamine, and the non- 
45 specific binding of coumarin labeled di- and trinucleotides can be inhibited by high concentrations of NMP The use of 
longer chained PEI polymers may mask nonspecific backbone interaction with small, coumarin labeled oligonucle- 
otides. 

[0156] One important factor in selecting a magnetic matrix for use in the present method is the amount of background 
fluorescence contributed by the matrix. One strategy to minimize this background fluorescence is to select fluorophores 
50 with excitation and emission maxima that minimally overlap the background fluorescence spectra of the buffer, matrix, 
and clinical samples. In addition, the fluorescent background may result from the presence of contaminants in the 
matrix that might be removed by extensive pretreatment prior to binding. 

C. Chemistry of Attachment of the Fluorophore to the Probe 

55 " ~ ' 

[0157] As noted above, the preferred label for the probe, regardless of separation strategy, is a fluorophore. There 
appears to be interaction between the oligonucleotide probe and the attached fluorophore. This interaction may be 
responsible for the reported, quenching observed when fluorophores have been attached to oligonucleotides. One 
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should select fluorophores that minimally interact with DNA when attached to the S'-terminus of a nucleic acid. 
[0158] Three preferred fluorophores are 7-diethylamino-3-(4'-maleimidylphenyl)-4-methyl coumarin (CPM), 6-(bro- 
momethyl)fluorescein (BMF), Lucifer Yellow iodoacetamide (LYI A), and 5-(and 6-)carboxy-X-rhodamine succinimidyl 
ester, with CPM preferred due to several properties: large extinction coefficient, large quantum yield, low bleaching, 

s and large Stokes shift. The fluorophore can be attached through a thiol attached to the 5'-phosphate group of the probe, 
but in the case of CPM, this process yields an aryl maleimide, which can be unstable under thermocycling conditions. 
[0159] A number of commercial instruments are available for analysis of f I uorescently labeled materials. For instance, 
the ABl Gene Analyzer can be used to analyze attomole quantities of DNA tagged with fluorophores such as ROX 
(6-carboxy-X-rhodamine), rhodamine-NHS, TAMRA (5/6-carboxytetramethyl rhodamine NHS), and FAM (S'-carboxy- 

io fluorescein NHS). These compounds are attached to the probe by an amide bond through a 5'-alkylamine on the probe. 
Other useful fluorophores include CNHS (7-amino-4-methyl-coumarin-3-acetic acid, succinimidyl ester), which can 
also be attached through an amide bond. 

[0160] Modifications may be necessary in the labeling process to achieve efficient attachment of a given fluorophore 
to a particular oligonucleotide probe. For instance, the initial reaction between a 5'-amine terminated probe and 7-di- 

15 ethylaminocoumarin-3-carboxylate NHS ester was very inefficient. The probe, which had been phosphorylated at the 
3'-end to prevent extension of the probe during amplification, had significant secondary structure, one conformation 
of which placed the 5'-amine and the 3'-phosphate in close enough proximity to form a salt bridge. This structure may 
have prevented the S'-amine from being available for reacting with the NHS ester, thus causing the low yield of product. 
z Addition of 25% N-methylpyrrolidinone (NMP) markedly improved the efficiency of the reaction. . 

20 _ [0161] One can also use both a fluorophore and quenching agent to label the probe. When the probe is intact, the 
fluorescence of the fluorophore is quenched by the quencher. During the present method, the probe is cleaved between 
the fluorophore and the quencher, allowing full expression of the fluorophore fluorescence. Quenching involves transfer 
of energy between the fluorophore and the quencher, the emission spectrum of the fluorophore and the absorption 
spectrum of the quencher must overlap. A preferred combination for this aspect of the invention is the fluorophore 

2$ - rhodamine 590 and the quencher crystal violet. 

[0162] One such probe is shown in Figure 13. The synthesis of this construct requires attachment of a rhodamine 
derivative through a 5' -thiol and the attachment of the crystal violet through an amine extending from a thymidine two 
bases away. The separation of the two moieties by two phosphodiester bonds increases the chances for cleavage by 
the DNA polymerase between them. 

30 [0163] Initial attempts to attach the crystal violet by reaction between a lactone and amine were unsuccessful. The 
crystal violet was modified to generate an active acyl azide, shown in Figure 14. This form of crystal violet was reacted 
with amine-modified DNA, and the desired product was purified on reverse phase HPLC. 

[0164] Attempts to react the rhodamine-X-maleimide group with the 5'-thiol were unsuccessful. This was also the 
case when the rhodamine-X-maleimide was reacted prior to addition of the crystal violet. This may be because the 
35 deblocked 5*-thiol reacts with the acrylamide double bond in the thymidine spacer arm (see Figure 1 3). An alternate 
method for the addition of an amine to the thymidine is shown in Figure 15. 

[0165] This example provides general guidance for attaching a biotin to the 3'-end of an oligonucleotide probe and 
a fluorophore to the 5-end of an oligonucleotide probe. Those of skill in the art will recognize that a number of methods 
for such attachments are known in the art and that the present invention is not limited by the particular method chosen 
40 to label the probe. 

Example 9 

Protocol for Am pi i Wax™ Mediated PCR with UNG and dUTP 

45 

[0166] The PCR process can be improved with respect to specificity of amplification by processes and reagents 
described more fully in PCT patent application Serial No. 91/01039, filed February 15, 1991; U.S. patent application 
Serial No. 481,501, filed February 16, 1991; PCT patent application Serial No. PCT/US 91/05210, filed July 23, 1991; 
U.S. patent application Serial No. 609,157, filed November 2, 1990; and U.S. patent application Serial No. 557,517, 

50 filed July 24, 1 990. The disclosures of these patent applications are incorporated herein by reference, and the following 
protocol demonstrates how these improved PCR methods can be used in conjunction with the present method for 
superior results. All reagents can be purchased from Perkin-Elmer Cetus Instruments (PEG, Norwalk, CT). 
[0167] This protocol essentially involves three components: MicroAmp™ tubes containing dNTPs, primers, magne- 
sium, and Tris that have been covered with wax; Premix B to which is added AmpliTaq® DNA Polymerase and UNG 

55 (and is therefore called the Enzyme Mixture); and Premix C to which are added the test sample and probe. The Enzyme 
Mixture and test sample with probe are made and added above the wax layer. The tubes are then placed in a TC9600 
thermocycler and thermocycled. The protocol below assumes a 50 uJ reaction, with test samples of no more than 27 
III, and the target is HIV. 
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[0168] The reagents are preferably supplied as follows. MicroAmp™ tubes containing 12.5 \i\ of Premix A and one 
12 mg AmpliWax™ PCR pellet per tube are prepared. Premix A contains 1 \M SK1 45 primer and 1 uJvl SK431 primer 
(neither primer is biotinylated), 800 jiM dATP, 800 uJvl dGTP, 800 uJvl dCTP, 800 \M dUTP, 15 mM MgCI 2 , and 10 mM 
Tris-HCI, pH 8.3. The AmpliWax™ pellet consists of a 55°C-melting paraffin (Aldrich Chemical Co.) containing 0.15% 
Tween 65, and the wax pellet and Premix A bottom layer are added together in a DNA-free room. The wax pellet is 
then melted to form a vapor barrier on top. This barrier will retain its integrity when the tubes are stored at 4 to 25°C, 
and the PCR reagents below the barrier are storage stable for months at 4°C. There is no mixing of material added 
above the barrier until the wax is melted during the initial stages of thermal cycling. Control tubes are identical but 
contain no primer. 

[0169] Premix B buffer contains 10 mM Tris-HCI, pH 8.3, and 50 mM KCI and is used for dilution of the enzymes 
AmpliTaq® DNA polymerase and UNG. About 2.6 uJ of Premix B buffer are used per reaction. 
[0170] Premix C buffer is prepared as a 1 0X concentrate, which contains 105 mM Tris-HCI, pH 8.3, and 715 mM 
KCI and is added to the test DNA sample so that the final Tris and KCI concentrations in the final reaction are 1 0 mM 
and 50 mM, respectively. The probe is also added in this layer, as well as carrier DNA, if any. if plasmid controls are 
run, about 1 u.g of human placental DNA (1 u.g/uJ in 10 mM Tris, pH 8, 1 mM EDTA, and 10 mM NaCI, which has been 
sheared, phenol/chloroform extracted, chloroform extracted, and ethanol precipitated) per reaction is usually added 
as carrier DNA. About 3.3 uJ of the 1 0X stock of Premix C are added per reaction. 

[0171] The probe is prepared as a 5 u.M stock and designated as LG101C. Probe LG101C has a 3' -phosphate to 
prevent extension of the probe and a 7-diethylaminocoumarin-3-carboxylate attached to a S'-amino aliphatic group or 
the oligonucleotide by an amide bond. The nucleotide sequence of the probe is shown below: 

SEQIDNO: 24 LG101C: 5' -G AG ACCATCAATG AGGAAGCTGCAG AATGGG AT 

25 

This probe should be stored at -20 D C in the dark. 

[0172] AmpliTaq® DNA polymerase is provided at a stock concentration of 5 U/uJ from PECI, and UNG is provided 
at a stock concentration of 1 U/uJ from the same vendor. One can also run plasmid calibration samples, and for this 
purpose, the preparation of stock dilutions (copies/ml) of 300, 1 ,000; 3,000; 10,000; 30,000; 100,000; and 1 ,000,000 
30 with GeneAmplimer™ Positive Control DNA is helpful. This DNA consists of the HIVZ6 genome rearranged to interrupt 
the pol region, and so block infectivity, inserted into plasmid pBR322. 

[0173] Each final reaction will consist of 12.5 uJ of Premix A; 2.6 uJ of Premix B; 3.3 uJ of Premix C; 2 uJ of LG101 C 
probe; 27 uJ of test sample; 0.4 uJ of AmpliTaq® DNA polymerase; and 2 uJ of UNG yielding a final volume of 49.8 uJ. 
This mixture comprises 250 nM of each primer; 200 uJvl of each dNTP; 3.75 mM MgCI 2 ; 50 mm KCI, 10 mM Tris-HCI, 

35 p h 8.3; 200 nM of probe; 2 units of UNG; and 2 units of polymerase. 

[0174] To run the reaction, one first prepares the Enzyme Mixture in a DNA-free hood or room by mixing, per reaction, 
2.6 uJ of Premix B buffer, 0.4 \x\ of AmpliTaq® DNA polymerase, and 2 uJ of UNG. For every 16 reactions that will be 
run, one should prepare enough Enzyme Mixture for 18 reactions to ensure enough material. The Enzyme Mixture is 
then added to each MicroAmp™ tube containing wax-covered Premix A over the wax in a DNA-free hood or room. A 

40 single sampler tip can suffice for all transfers, and 5 uJ of Enzyme Mixture are added to each tube. 

[0175] In the sample preparation area, the Sample Mixture is prepared by mixing, per reaction, 3.3 uJ of 10X Premix 
C Buffer, 27 |il of sample (for quantification controls, add 10 uJ of stock dilution and 17 uJ of water), and 2 |il of probe 
(carrier DNA, if any, is mixed with sample). Then, using a separate sampler tip for each transfer, add 32.3 uJ of Sample 
Mixture to each tube; the volume imbalance between the Enzyme Mixture and Sample Mixture assures complete 

45 mixing. One should also set up two control tubes lacking primers to serve as a measure of probe cleavage resulting 
from thermal cycling. This control typically contains 1 ,000 copies of control template. In addition, one should set up a 
dilution series of plasmid to calibrate the assay. This calibration is typically in the range of 3 to 10,000 copies of HIV 
target per sample. After the above steps are completed, the tubes are capped and assembled into the TC9600 tray 
[0176] The thermal cycler profile is as follows: 1 cycle of 50°C for 2 minutes; 5 cycles of 95°C for 10 seconds, 55°C 

50 for 10 seconds, and 72°C for 10 seconds; and 35 cycles of 90°C for 10 seconds, 60°C for 10 seconds, and 72°C for 
10 seconds. When thermal cycling is complete, the tubes are removed from the TC9600 and stored at -20°C, if nec- 
essary. Prolonged soaking of the tubes at above 70°C is not recommended, and alkaline denaturation should not be 
employed. 

[0177] A number of controls are useful, including a no-template control to determine contamination of reaction mix- 
55 tures as well as amplification of nonspecific products that may result in probe cleavage and give nonspecific signals; 
a no-primer control to prove a measure of nonamplification related cleaveage of the probe that might contribute to 
background (one might also include some clinical samples in the tests to detect the presence of components that may 
result in probe cleavage); and quantitation controls. 
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[0178] To remove PCR product from beneath the wax layer that will form after amplification using the above protocol, 
one can withdraw sample after poking a sampler tip through the center of the wax layer, advancing the tip slowly with 
gentle pressure to minimize the chance that reaction mixture will spurt past the tip and contaminate the lab. Steadying 
the sampler with one finger of the hand holding the reaction tube greatly increases control. Slim (gel-loading) sampler 
s tips penetrate the wax especially well. A slicing motion rather than a poking motion also facilitates penetration and 
helps to assure that the tip will not be clogged with wax. If the tip picks up a piece of wax, the wax can normally be 
dislodged by gentle rubbing against the remaining wax. 

[01 79] One can also freeze the reaction tubes (e.g. , in dry ice ethanol or overnight in a freezer), thaw them, and spin 
briefly in a microfuge (angle rotor). The wax layer will be heavily fractured, allowing sampler insertion without any 
10 chance of clogging. Wax fragments can be wiped from the sampler tip against the inner wall of the tube. This method 
is especially convenient for positive displacement samplers, which often have tips so thick that direct penetration of 
the intact wax layer is hard. Either of the above methods should exclude wax from the withdrawn sample so completely 
that chloroform extraction is unnecessary. 

[0180] Although the foregoing invention has been described in some detail for the purpose of illustration, it will be 
is obvious that changes and modifications may be practiced within the scope of the appended claims by those of ordinary 
skill in the art. 

Example 10 

20 Solid Phase Extraction with Bakerbond™ PEI 

[0181] This example provides a protocol for sampling a PCR mixture in which the amplification was carried out in 
the presence of a fluorescently labeled (a coumarin derivative) probe according tothe method of the present invention. 
[0182] The preparation of certain stock reagents facilitates practice of this protocol. One such reagent is Eppendorf 

25 . tubes containing 50 mg of pre-washed Bakerbond PEI matrix. The Bakerbond™ PEI can be obtained from J.T. Baker 
(product No. 7264-00) and is a silica based, 40 \im particle size, 275 angstrom pore size. The matrix is prepared by 
washing first with water, then ethanol; then water; and then a mixture of 10 mM Tris, pH 8.3, 50 mM KCI. 1 mM EDTA, 
2 M NaCI, and 8 M urea; and then equilibrated in 10 mM Tris, pH 8.3, 50 mM KCI, 1 mM EDTA, 500 mM NaCI, and 8 
M urea. Following distribution, 15 uJ of water is added to each tube to keep the matrix hydrated. The tubes should be 

30 stored at 4°C. 

[0183] Binding buffer can also be prepared as a stock solution, and the composition is 10 mM Tris, pH 8, 500 mM 
NaCI, 50 mM KCI, 1 mM EDTA, and 8 M urea. The binding buffer should be stored at 4°C, although urea may precipitate 
at this temperature. The binding buffer can be warmed briefly before use to resuspend the urea. 
[0184] Certain equipment is useful in carrying out this protocol. During the binding step, the tubes should be mixed 

35 to keep the matrix in suspension, and a Vortex Genie 2 mixer (available from Fischer Scientific, Cat. No. 12-812, with 
the 60 microtube holder, Cat. No. 12-812-B) is useful for this purpose. In addition, an Eppendorf microfuge, an Hitachi 
Model 2000 spectrofluorometer, and microfluori meter quartz cuvettes with 2 mm internal width and a 2.5 mm base 
path length (available from Starna Cells, Inc., No. 1 8F Q 1 0 mm 5) are also useful in carrying out this protocol. 
[0185] Appropriate controls should also be performed, and the binding step requires three controls. The control for 

40 background fluorescence involves the preparation of a sample that contains all components of the PCR amplification 
except probe. The control sample should be processed identically as the actual test samples in that 20 u.l will be added 
to matrix and the fluorescence present in the supernatant measured. This control provides a way to measure back- 
ground fluorescence present in the matrix, binding buffer, and any of the components in the PCR amplification mixture 
and also provides a measurement of the amount of fluorescence present in clinical samples. 

45 [0186] The second control provides a measurement for inadvertent probe breakdown and for the binding reaction 
and consists of a mock PCR amplification mixture that contains all of the components including probe but is not sub- 
jected to thermal cycling. The control sample should be processed identically as the actual test samples in that 20 uJ 
will be added to matrix and the fluorescence present in the supernatant measured. This control provides a way to 
measure the presence of probe breakdown on storage as well as the efficiency of the binding reaction. If no breakdown 

50 occurred and if the binding reaction is complete, the fluorescence of the supernatant following binding to the Baker- 
bond™ PEI should be similar to the background measured in the first control. 

[0187] The third control provides a way to measure the input amount of probe. The sample prepared for the second 
control can be used for this measurement. However, in this case, 20 uJ are added to a tube containing 290 uJ of binding 
buffer without matrix. This control can be used to determine the input amount of probe. 
55 [0188] To begin the protocol; one first determines the number of binding tubes required; this number is the sum of 
test samples and controls. The controls are a no-template control, a no-primer control, calibration controls, and the 
first and second controls discussed above. Controls can be done in triplicate. To each tube, one adds 235 u.l of binding 
buffer. 



23 



EP 0 543 942 B1 



[01 89] One also prepares a tube to measure the input by adding to an empty Eppendorf tube: 290 uJ of binding buffer, 
which is equivalent to the volume in the tubes with matrix (235 uJ of binding buffer, 1 5 \i\ of water, and 40 u.l contributed 
by matrix volume). The input amount determination can be done in triplicate. 

[0190] To the tubes containing matrix (the test samples and first and second controls), one adds 20 uJ of sample. To 
the tubes containing buffer (the third control), one adds 20 uJ of mock PCR amplification mixture. The tubes are then 
shaken on a Vortex Genie 2 mixer at a setting of 4 at room temperature for 30 minutes. The tubes are then centrif uged 
in an Eppendorf microfuge (1 6,000 X g) for 5 minutes at room temperature. The upper 200 uJ of supernatant from each 
tube is removed without disturbing the pellet or matrix present on the wall of the tube and placed in a clean Eppendorf 
tube. 

[0191] The fluorescence of the supernatant is measured on a Hitachi Model 2000 in the cuvettes indicated above. 
For probes labeled with 7-diethylamino-3 (4'-maleimidophenyi)-4-methyl-coumarin, the spectrofluorometer is set as 
follows: PM voltage is 700 V; the excitation wavelength is 432 nm; the emission wavelength is 480 nm; the excitation 
slit width is 10 nm; and the emission slit width is 20 nm. One should minimize exposure of sample to excitation light; 
if the sample is to remain in the spectrofluorometer for a prolonged period, the shutter should be closed. 
[0192] The number of pmoles of probe cleaved is the most convenient way of assessing the amount of signal. To 
assess the amount of signal, then, one first determines the input signal from the third control by the following calculation: 

(Fluorescence Signal of Third Control -Fluorescence Signal of First Control) x (310/20) 

10 pmoles ~ 

In this formula, the subtraction corrects for any background fluorescence in the test sample; 310/20 is the dilution 
factor; and 1 0 pmoles is the amount of probe added to the PCR amplifications. 
[0193] The amount of test sample signal is calculated by the following formula: 

Fluorescence Signal of Test Sample - Fluorescence Signal of First Control) x 310/20 

Input Signal 

The above protocol can be modified according to the particular fluorophore used to label the probe and is merely 
illustrative of the invention. 

[0194] Figure 16 shows typical results and relation of signal to input target number for the present method using 
Bakerbond™ PEI solid phase extractant. 

Sequence Listing 

[0195] 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Cetus etaj. 

(ii) TITLE OF INVENTION: Homogeneous Assay System 

(iii) NUMBER OF SEQUENCES: 24 

(iv) . CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Cetus Corporation 

(B) STREET: 1400 Fifty-Third Street 

(C) CITY: Emeryville 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 94608 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 800 Kb storage 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6.0.5 

(D) SOFTWARE: WordPerfect 

(vi) CURRENT APPLICATION DATA: 
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(A) APPLICATION NUMBER: 

(B) FILING DATE: August 6, 1991 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 563,758 

(B) FILING DATE: August 6, 1990 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kevin R. Kaster 

(B) REGISTRATION NUMBER: 32,704 

(C) REFERENCE/DOCKET NUMBER: 2528.1 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415) 420-3444 

(B) TELEFAX: (415) 658-5470 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCGATAGTTT GAGTTCTTCT ACTCAGGC 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 

(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



CGCTGCGCGT AACCACCACA CCCGCCGCGC X 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



GATCGCTGCG CGTAACCACC ACACCCGCCG CCGCGCX 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGTCACCGAT CGCTGCGCGT AACCACCACA CCCGCCGCGC X 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



GATGAGTTCG TGTCCGTACA ACTGG 

(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 bases 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



GGTTATCGAA ATCAGCCACA GCGCC 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single . 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



CGCTGCGCGT AACCACCACA CCCGCCGCGC 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GATCGCTGCG CGTAACCACC ACACCCGCCG CGC 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



CGTCACCGAT CGCTGCGCGT AACCACCACA CCCGCCGCGC 
(2) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11 : 



GCGCTAGGGC GCTGGCAAGT GTAGCGGTCA 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



3GCGCTAGGG CGCTGGCAAG TGTAGCGGTC 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



GGGCGCTAGG GCGCTGGCAA GTGTAGCGGT 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



AGCGGGCGCT AGGGCGCTGG CAAGTGTAGC 



(2) INFORMATION FOR SEQ ID NO: 15: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



AAAGGAGCGG GCGCTAGGGC GCTGGCAAGT 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



GAAGAAAGCG AAAGGAGCGG GCGCTAGGGC 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



CGGCCAACGC GCGGGGAGAG GCGGTTTGCG 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

TATCCCGCCG CGCTTAATGC GCCGCTACA 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



GCATTAATGC GCCGCTACAG GGCGCGTACT ATGG 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 bases. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



GAGACCATCA ATGAGGAAGC TGCAGAATGG GAT 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 



GTGGAGACCA TCAATGAGGA AGCTGCAGAA TGGGAT 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
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AGTGGGGGGA CATCAAGCAG CCATGCAAAT 30 
(2) INFORMATION FOR SEQ ID NO: 23:. 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 bases 

(B) TYPE: nucleic acid 

w (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION:. SEQ ID NO: 23: 

TGCTATGTCA GTTCCCCTTG GTTCTCT 27 

(2) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 33 bases 

(B) TYPE: nucleic acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other Nucleic Acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

30 

GAGACCATCA ATGAGGAAGC TGCAGAATGG GAT 33 

Claims 

1 . A process for the detection of a target nucleic acid sequence in a sample, said process comprising: 

40 a) contacting a sample comprising single-stranded nucleic acids with an oligonucleotide containing a sequence 

complementary to a region of the target nucleic acid and a labeled oligonucleotide containing a sequence 
complementary to a second region of the same target nucleic acid sequence strand, but not including the 
nucleic acid sequence defined by the first oligonucleotide, to create a mixture of duplexes during hybridization 
conditions, wherein the duplexes comprise the target nucleic acid annealed to the first oligonucleotide and to 

45 the labeled oligonucleotide such that the 3' end of the first oligonucleotide is adjacent to the 5' end of the 

labeled oligonucleotide; 

b) maintaining the mixture of step (a) with a template-dependent nucleic acid polymerase having a 5' to 3' 
nuclease activity under conditions sufficient to permit the 5" to 3' nuclease activity of the polymerase to cleave 
the annealed, labeled oligonucleotide and release labeled fragments; and 
so c) detecting and/or measuring the signal generated by the hydrolysis of the labeled oligonucleotide. 

2. The process of claim 1 wherein the 3' end of the first oligonucleotide in the annealed duplex of step (a) is adjacent 
the 5' end of an annealed, labeled oligonucleotide, having spacing effective to permit the release of labeled frag- 
ments in the absence of nucleic acid polymerization. 



55 



3. The process of claim 1 wherein the oligonucleotides comprise deoxy ribonucleotides. ' 

4. The process of claim 1 wherein the nucleic acid polymerase is a DNA polymerase having a 5' to 3' nuclease activity. 
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5. The process of claim 1 wherein a nucleotide within the labeled oligonucleotide is modified to control nuclease 
cleavage specificity. 

6. The process of claim 1 wherein said labeled oligonucleotide comprises at least one label. 

i 

7. The process of claim 1 wherein the labeled oligonucleotide comprises first and second labels wherein the first 
label is separated from the second label by a nuclease susceptible cleavage site. 

8. The process of claim 6 wherein the labeled oligonucleotide is labeled at the 5' terminus. 

9. - The process of claim 6 wherein the labeled oligonucleotide further comprises a tail of non-nucleic acids or a se- 

quence of nucleotides which is non-complementary to the target nucleic acid sequence. 

10. The process of claim 9 wherein the label is attached to a nucleotide in the tail or non-complementary sequence. 

11 . The process of claim 1 0 wherein the label is at the 5' terminus and is separated from the sequence complementary 
to the target nucleic acid sequence by the tail or non-complementary sequence. 

12. The process of claim 1 performed under conditions sufficient to promote nucleic acid polymerization, wherein the 
release of labeled fragments occurs during extension of the first oligonucleotide. 

1 3. A polymerase chain reaction (PCR) amplification process for detecting a target nucleic acid sequence in a sample, 
said process comprising: 

(a) providing to a PCR assay containing said sample, at least one labeled oligonucleotide containing a se- 
quence complementary to a region of the target nucleic acid, wherein said labeled oligonucleotide anneals 
within the target nucleic acid sequence bounded by the oligonucleotide primers of step (b); 

(b) providing a set of oligonucleotide primers, wherein a first primer contains a sequence complementary to 
a region in one strand of the target nucleic acid sequence and primes the synthesis of an extension product 
and a second primer contains a sequence complementary to a region in a second strand of the target nucleic 
acid sequence or complementary to a region in the extension product of the first primer and primes the syn- 
thesis of a complementary DNA strand; and wherein each oligonucleotide primer is selected to anneal to its 
complementary template upstream of any labeled oligonucleotide annealed to the same nucleic acid strand; 

(c) amplifying the target nucleic acid sequence employing a nucleic acid polymerase having 5' to 3' nuclease 
activity as a template-dependent polymerizing agent under conditions which are permissive for PCR cycling 
steps of (i) annealing of primers and labeled oligonucleotide to a template nucleic acid sequence contained 
within the target sequence, and (ii) extending the primer wherein said nucleic acid polymerase synthesizes a 
primer extension product while the 5' to 3' nuclease activity of the nucleic acid polymerase simultaneously 
releases labeled fragments from the annealed duplexes comprising labeled oligonucleotide and its comple- 
mentary template nucleic acid sequences, thereby creating detectable labeled fragments; and 

(d) detecting and/or measuring the signal generated by the hydrolysis of the labeled oligonucleotide to deter- 
mine the presence or absence of the target sequence in the sample. 

14. The PCR process of claim 1 3 wherein said nucleic acid polymerase is a thermostable enzyme. 

15. The PCR process of claim 1 4 wherein said thermostable enzyme is the DNA polymerase from a Thermus species. 

16. The PCR process of claim 13 wherein the 3* end of an annealed oligonucleotide primer is adjacent the 5' end of 
the labeled oligonucleotide annealed to the same nucleic acid strand. 

17. The PCR process of claim 1 6 wherein said labeled oligonucleotide has a blocked 3' terminus to prevent extension 
by the nucleic acid polymerase. 

18. The PCR process of claim 16 wherein the labeled oligonucleotide further comprises a sequence of one to about 
ten nucleotides which sequence is substantially non -complementary to the target nucleic acid sequence. 
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19. The PCR process of claim 13 wherein the labeled oligonucleotide comprises first and second labels wherein the 
first label is separated from the second label by a nuclease susceptible cleavage site. 

20. The PCR process of claim 13 wherein a pair of labeled oligonucleotides probes are provided in step (a). 

21. The PCR process of claim 20 wherein said pair of labeled probes anneal to different, non-overlapping regions of 
the same complementary nucleic acid strand, wherein the 5' end of the second labeled probe is adjacent to the 3' 
end of the first labeled probe. 

22. The PCR process of claim 18 wherein the label is attached to a nucleotide in the non -complementary sequence. 

23. The PCR process of claim 22 wherein the label is at the 5' terminus and is separated from the complementary 
probe sequence by the non-complementary sequence. 

24. The PCR process of claim 13 wherein the oligonucleotide is labeled at the 5* terminus. 

25. The PCR process of claim 17 wherein the oligonucleotide is labeled at the blocked 3' terminus. 

26. The PCR process of claim 13 wherein the label is attached to an internal sequence of the oligonucleotide. 

27. The PCR process of claim 1 3 wherein the label provides a signal proportional to the number of target nucleic acid 
sequences amplified. 

28. The PCR process of claim 13 wherein the label is a deoxyribonucleoside analog having signal-generating prop- 
erties. 

29. The PCR process of claim 1 3 wherein the labeled oligonucleotide comprises a pair of interactive signal-generating 
labels effectively positioned on the oligonucleotide to quench the generation of detectable signal, said labels being 
separated by a site within the oligonucleotide susceptible to nuclease cleavage, thereby allowing, during primer 
extension, the 5* to 3' nuclease activity of the nucleic acid polymerase to separate the first interactive signal- 
generating label from the second interactive signal-generating label by cleaving at the susceptible site thereby 
yielding a detectable signal. 

30. The PCR process of claim 29 wherein said first label is a chemiluminescent substrate and said second label is a 
fluorophore which interacts therewith. 

31 . The PCR process of claim 1 3 wherein the label of said oligonucleotide is attached through a spacer arm of sufficient 
length to permit the 5' to 3' nuclease activity of the nucleic acid polymerase to release labeled fragments. 

32. The PCR process of claim 1 3 wherein the melting temperature (T m ) differential between the labeled oligonucleotide 
and its' associated upstream oligonucleotide primer is effective to provide preferential binding of the labeled oli- 
gonucleotide during the annealing step of PCR cycles. 

33. The PCR process of claim 32 wherein the T m of the labeled oligonucleotide is as great as 40°C higher than the 
T m of the upstream oligonucleotide primer. 

34. The PCR process of claim 1 3 wherein the labeled oligonucleotide fragments comprise a mixture of mono-, di- and 
larger nucleotide fragments. 

35. The PCR process of claim 13 which further comprises separating labeled oligonucleotide fragments from other 
components in the PCR mixture prior to detection of labeled fragments. 

36. The PCR process of claim 35 wherein the separation step uses size exclusion chromatography. 

37. The PCR process of claim 35 wherein the labeled fragments are separated from the PCR mixture by solid phase 
extraction. 

38. The PCR process of 37 wherein avidin or streptavidin is attached to the solid phase and the labeled oligonucleotide 
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further comprises a bound biotin molecule separated from the label by a nuclease susceptible cleavage site. 

39. The process of claim 29, wherein said first label is a fiuorophore and the second label is a quencher which interacts 
therewith. 

40. A kit for detecting a target nucleic acid sequence in a sample comprising: 

(a) at least one labeled oligonucleotide containing a sequence complementary to a region of the target nucleic 
acid, wherein said labeled oligonucleotide anneals within the target nucleic acid sequence bounded by the 
oligonucleotide primers of part (b) and wherein the 3' end of the labeled oligonucleotide is blocked to prevent 
extension by a nucleic acid polymerase having 5' to 3' nuclease activity, through which 5' to 3' nuclease activity 
labeled fragments from annealed duplexes comprising labeled oligonucleotide and its complementary tem- 
plate nucleic acid sequence are released during a PCR amplification process; 

15 (b) a set of oligonucleotide primers, wherein 

a first primer contains a sequence complementary to a region in one strand of the target nucleic acid 
sequence and primes the synthesis of an extension product, and 

a second primer contains a sequence complementary to a region in a second strand of the target nucleic 
acid sequence or complementary to a region in the extension product of the first primer and primes the 
synthesis of a complementary DNA strand; 

and wherein each oligonucleotide primer is selected to anneal to its complementary template upstream 
of any labeled oligonucleotide annealed to the same nucleic acid strand. 
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41. The kit of claim 40 further comprising a nucleic acid polymerase having a 5' to 3' nuclease activity. 

42. The kit of claim 41 wherein said nucleic acid polymerase is a thermostable enzyme, preferably a DNA polymerase 
from a Therm us species. 

30 43. The kit of anyone of claims 40 to 42 wherein the oligonucleotides comprise deoxy ribonucleotides. 

44. The kit of anyone of claims 40 to 43 wherein the labeled oligonucleotide comprises at least one label. 

45. The kit of anyone of claims 40 to 44 wherein the labeled oligonucleotide is labeled at the 5' terminus. 
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46. The kit of anyone of claims 40 to 44 wherein the labeled oligonucleotide further comprises a tail of non-nucleic 
acids or a sequence of nucleotides which is non-complementary to the target nucleic acid sequence. 

47. The kit of claim 46 wherein the label in the labeled oligonucleotide is attached to a nucleotide in the tail or non- 
40 complementary sequence. 

48. The kit of claim 47 wherein the label in the labeled oligonucleotide is at the 5' terminus and is separated from the 
sequence complementary to the target nucleic acid sequence by the tail or non-complementary sequence. 

49. The kit of claim 44 wherein the labeled oligonucleotide comprises first and second labels wherein the first label is 
separated from the second label by a nuclease susceptible cleavage site. 

50. The kit of claim 49 wherein the labels in the labeled oligonucleotide comprise a pair of interactive signal-generating 
labels positioned on the oligonucleotide to quench the generation of detectable signal. 

51. The kit of claim 50 wherein in the labeled oligonucleotide the first label is a fiuorophore and the second label is a 
quencher which interacts therewith. 

52. The kit of anyone of claims 40 to 51 which contains a pair of labeled oligonucleotide probes in part (a). 

53. A reaction mixture for detecting a target nucleic acid sequence in a sample which reaction mixture comprises prior 
to amplification a pair of oligonucleotide primers and at least one labeled oligonucleotide, which pair of primers 
and labeled oligonucleotide are characterized in that: 
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a) the labeled oligonucleotide contains a sequence complementary to a region of the target nucleic acid and 
anneals within the target nucleic acid bounded by the oligonucleotide primers of part b) 

and from which oligonucleotide through the 5' to 3' nuclease activity of a polymerase labeled fragments 
from annealed duplexes comprising labeled oligonucleotide and its complementary template nucleic acid se- 
5 quence are released during a PCR amplification process; 

b) the pair of oligonucleotide primers comprises 

a first primer containing a sequence complementary to one strand of the target nucleic acid and which 
w primes the synthesis of an extension product, and 

a second primer containing a sequence complementary to a region in a second strand of the target nucleic 
acid sequence or complementary to a region in the extension product of the first primer and primes the 
synthesis of a complementary DNA strand; 

is and wherein each oligonucleotide primer is selected to anneal to its complementary template upstream of any 

labeled oligonucleotide annealed to the same nucleic acid strand. 

54. The reaction mixture of claim 53 that further comprises a nucleic acid polymerase having a 5' to 3' nuclease activity 

20 55. The reaction mixture of claim 53 or claim 54 wherein the labeled oligonucleotide comprises at least one label. 

56. The reaction mixture of anyone of claims 53 to 55 wherein the labeled oligonucleotide is labeled at the 5' terminus. 

57. The reaction mixture of anyone of claims 53 to 55 wherein the labeled oligonucleotide further comprises a tail of 
25 non-nucleic acids or a sequence of nucleotides which is non-complementary to the target nucleic acid sequence. 

58. The reaction mixture of claim 57 wherein the label in the labeled oligonucleotide is at the 5' terminus and is sep- 
arated from the sequence complementary to the target nucleic acid sequence by the tail or non^omplementary 
sequences. 

30 

59. The reaction mixture of claim 55 wherein the labeled oligonucleotide comprises a first and second label wherein 
the first label is separated from the second label by a nuclease susceptible cleavage site. 

60. The reaction mixture of claim 59, wherein the labels in the labeled oligonucleotide are a pair of interactive signal 
35 generating labels positioned on the oligonucleotide to quench the generation of detectable signal. 

61. The reaction mixture of claim 60, wherein in the labeled oligonucleotide the first label is a flourophore and the 
second label is a quencher which interacts therewith. 

40 62. The reaction mixture of anyone of claims 53 to 61 which further comprises a sample. 

63. The method of claim 1 or claim 13, wherein multiple allele or species specific probes are used to discriminate 
between alleles or species. 

45 

Patentanspruche 

1. Verfahren zum Nachweis einer Ziel-Nucleinsauresequenz in einer Probe, wobei das Verfahren umfaGt: 

so a) Inkontaktbringen einer einzelstrangigen Nucleinsauren umfassenden Probe mit einem Oligonucleotid, das 

eine Sequenz enthalt, die komplementar ist zu einem Bereich der Ziel-Nucleinsaure und einem markierten 
Oligonucleotid, das eine Sequenz enthalt, die komplementar ist zu einem zweiten Bereich des gleichen Ziel- 
Nucleinsauresequenzstranges, aber nicht die Nucleinsauresequenz einschlieGt, die durch das erste Oligonu- 
cleotid definiert ist, urn unter Hybridisierungsbedingungen ein Gemisch von Duplexen zu erzeugen, wobei die 

55 Duplexe die Ziel-Nucleinsaure angelagert an das erste Oligonucleotid und an das markierte Oligonucleotid 

umfassen, so daB das 3'-Ende des ersten Oligonucleotids an das 5'-Ende des markierten Oligonucleotids 
angrenzt; 

b) Inkubieren des Gemisches aus Schritt (a) mit einer matrizenabhangigen Nucleinsaure-Polymerase, die eine 
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5'- zu 3'-Nucleaseaktivitat aufweist, unter Bedingungen, die ausreichen, urn der 5'.- zu 3'-Nucleaseaktivitat der 
Polymerase das Schneiden der angelagerten markierten Oligonucleotide unddie Freisetzung der markierten 
Fragmente zu erlauben; und 

c) Nachweisen und/oder Messen des Signals, das durch die Hydrolyse der markierten Oligonucleotide erzeugt 
wird. 

2. Vertahren nach Anspruch 1, wobei das 3'-Ende des ersten Oligonucleotids in dem angelagerten Duplex aus Schritt 
(a) an das 5'-Ende eines angelagerten markierten Oligonucleotids angrenzt, mit einem Abstand, der wirksam ist, 
die Freisetzung markierter Fragmente in der Abwesenheit von Nucleinsaurepolymerisation zu erlauben. 

3. Verfahren nach Anspruch 1 , wobei die Oligonucleotide Desoxyribonucleotide umfassen. 

4. Vertahren nach Anspruch 1, wobei die Nucleinsaurepolymerase eine DNA-Polymerase mit einer 5'- zu 3'-Nu- 
cleaseaktivitat ist. 

5. Vertahren nach Anspruch 1, wobei ein Nucleotid in dem markierten Oiigonucleotid modifiziert ist, urn die Nuclea- 
sespaltungsspezifitat zu steuern. 

6. Verfahren nach Anspruch 1 , wobei das markierte Oiigonucleotid mindestens eine Markierung umfasst. 

7. Vertahren nach Anspruch 1, wobei das markierte Oiigonucleotid erste und zweite Markierungen umfasst, wobei 
die erste Markierung von der zweiten Markierung durch eine fur Nuclease zugangliche Schnittstelle getrennt ist. 

8. Verfahren nach Anspruch 6, wobei das markierte Oiigonucleotid am 5'-Ende markiert ist. 

9. Verfahren nach Anspruch 6, wobei das markierte Oiigonucleotid auBerdem einen Schwanz von Nicht-Nucleinsau- 
ren oder eine Sequenz von Nucleotiden, die zu der Ziel-Nucleinsauresequenz nicht-komplementar ist, umfaBt. 

10. Verfahren nach Anspruch 9, wobei die Markierung an einem Nucleotid an der Schwanz- oder nicht-komplemen- 
taren Sequenz angeheftet ist. 

11. Verfahren nach Anspruch 10, wobei die Markierung sich am 5'-Ende befindet und von der zu der Ziel-Nucleinsau- 
resequenz komplementaren Sequenz durch die Schwanz- oder nicht-komplementare Sequenz getrennt ist. 

12. Verfahren nach Anspruch 1, durchgefuhrt unter Bedingungen, die ausreichen, urn Nucleinsaurepolymerisation zu 
fordern, wobei die Freisetzung markierter Fragmente wahrend der Verlangerung des ersten Oligonucleotids erfolgt. 

13. Polymerase-Kettenreaktion (PCR)-Amplifikationsverfahren zum Nachweis einer Ziel-Nucleinsauresequenz in ei- 
ner Probe, wobei das Verfahren umfaBt: 

a) Bereitstellen mindestens eines markierten Oligonucleotids, das eine Sequenz enthalt, die komplementar 
ist zu einem Bereich der Zielnucleinsaure, fur einen die Probe enthaltenden PCR-Test, wobei das markierte 
Oiigonucleotid sich innerhalb der durch die Oligonucleotidprimer von Schritt (b) gebundenen Ziel-Nucleinsau- 
resequenz anlagert; 

b) Bereitstellen eines Satzes von Oligonukelotid-Primern, wobei ein erster Primer eine Sequenz enthalt, die 
komplementar zu einem Bereich in einem Strang der Ziel-Nucleinsauresequenz ist, und die Synthese eines 
Verlangerungsproduktes in Gang setzt und ein zweiter Primer eine Sequenz enthalt, die komplementar zu 
einem Bereich in einem zweiten Strang der Ziel-Nucleinsauresequenz oder komplementar zu einem Bereich 
in dem Verlangerungsprodukt des ersten Primers ist, und die Synthese eines komplementaren DNA-Strangs 
in Gang setzt; und wobei jeder Oligonucleotidprimer so ausgewahlt ist, daB er sich an seine komplementare 
Matrize stromaufwarts von jedem markierten Oiigonucleotid anlagert, das an den gleichen Nucleinsaurestrang 
angelagert ist; 

c) Amplifizieren der Ziel-Nucleinsauresequenz unter Einsatz einer Nucleinsaurepolymerase mit 5'- zu 3'-Nu- 
cleaseaktivitat als ein Matrizen-abhangiges Polymerisationsmittel unter Bedingungen, die die PCR-Zyklus- 
schritte (i) Anlagerung von Primern und markiertem Oiigonucleotid an eine Matrizen-Nucleinsauresequenz, 
die in einer Zielsequenz enthalten ist, und (ii) Verlangern der Primer erlauben, wobei die Nucleinsaurepoly- 
merase ein Primerverlangerungsprodukt synthetisiert, wahrend die 5'- zu 3'-Nucleaseaktivitat der Nucleinsau- 
repolymerase gleichzeitig markierte Fragmente von den angelagerten Duplexen freisetzt, die markiertes Oli- 
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gonucleotid und ihre komplementare Matrizen-Nucleinsauresequenz umfassen, wobei nachweisbare markier- 
te Fragments erzeugt werden; und 

d) Nachweisen und/oder Messen des Signals, das durch die Hydrolyse des markierten Oligonukeotids erzeugt 
wird, um die Anwesenheit oder Abwesenheit der Zielsequenz in der Probe zu bestimmen. 

5 

14. PCR-Verfahren nach Anspruch 13, wobei die Nucleinsaurepolymerase ein thermostabiles Enzym ist. 

15. PCR-Verfahren nach Anspruch 1 4, wobei das thermostabile Enzym eine DNA-Polymerase einer Thermus-Art ist. 

10 16. PCR-Verfahren nach Anspruch 13, wobei das 3'-Ende eines angelagerten Oligonucleotidprimers an das 5'-Ende 
des markierten Oligonucleotids, das an den gleichen Nucleinsaurestrang angelagert ist, angrenzt. 

17. PCR-Verfahren nach Anspruch 16, wobei das markierte Oligonucleotid ein blockiertes 3'-Ende hat um die Verlan- 
gerung durch die Nucleinsaurepolymerase zu verhindern. 

15 

18. PCR-Verfahren nach Anspruch 16, wobei das markierte Oligonucleotid zusatzlich eine Sequenz von einem bis 
etwa zehn Nucleotiden umfaGt, wobei die Sequenz zu der Ziel-Nucleinsauresequenz im wesentlichen nicht-kom- 
plementar ist. 

20 19. PCR-Verfahren nach Anspruch 13, wobei das markierte Oligonucleotid erste und zweite Markierungen umfaGt, 
. wobei die erste Markierung von der zweiten Markierung durch eine fur Nuclease zugangliche Schnittstelle getrennt 
ist. 

20. PCR-Verfahren nach Anspruch 1 3, wobei in Schritt (a) ein Paar markierte Oligonucleotidsonden bereitgestellt wird. 

25 

21 . PCR-Verfahren nach Anspruch 20, wobei sich das Paar markierter Sonden an unterschiedliche nicht uberlappende 
Bereiche desselben komplementaren Nucleinsaurestranges anlagert, wobei das 5'-Ende der zweiten markierten 
Sonde zu dem 3'-Ende der ersten markierten Sonde benachbart ist. 

30 22. PCR-Verfahren nach Anspruch 18, wobei die Markierung an ein Nucleotid in der nicht-komplementaren Sequenz 
angeheftet ist. 

23. PCR-Verfahren nach Anspruch 22, wobei die Markierung am 5'-Ende ist und von der komplementaren Sonden- 
sequenz durch die nicht-komplementare Sequenz getrennt ist. 

35 

24. PCR-Verfahren nach Anspruch 13, wobei das Oligonucleotid am 5'-Ende markiert ist. 

25. PCR-Verfahren nach Anspruch 17, wobei das Oligonucleotid am blockierten 3'-Ende markiert ist. 

40 26. PCR-Verfahren nach Anspruch 1 3, wobei die Markierung an eine interne Sequenz des Oligonucleotids angeheftet 
ist. 

27. PCR-Verfahren nach Anspruch 1 3, wobei die Markierung ein Signal proportional zur Anzahl der amplifizierten Ziel- 
Nucleinsauresequenzen bereitstellt. 

45 

28. PCR-Verfahren nach Anspruch 13, wobei die Markierung ein Desoxyribonucleosid-Analogon mit signalerzeugen- 
den Eigenschaften ist. 

29. PCR-Verfahren nach Anspruch 1 3, wobei das markierte Oligonucleotid ein Paar interaktive signalerzeugende Mar- 
so kierungen umfaBt, die auf dem Oligonucleotid wirksam lokalisiert sind, um die Erzeugung eines nachweisbaren 

Signals zu quenchen, und die Markierungen durch eine Stelle innerhalb des Oligonucleotids, die fur Nuclease- 
spaltung zuganglich ist, getrennt sind, so daB die 5*- zu 3-Nucleaseaktivitat der Nucleinsaurepolymerase die Tren- 
nung der ersten interaktiven signalerzeugenden Markierung von der zweiten interaktiven signalerzeugenden Mar- 
kierung wahrend der Primer- Verlangerung durch Schneiden an der zuganglichen Stelle moglich macht, wodurch 
55 ein nachweisbares Signal erhalten wird. 

30. PCR-Verfahren nach Anspruch 29, wobei die erste Markierung ein chemilumineszentes Substrat und die zweite 
Markierung ein Fluorophor ist, welches damit interagiert. 
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31. PCR-Verfahren nach Anspruch 1 3, wobei die Markierung des Oligonucleotids an einen Abstandsarm von ausrei- 
chender Lange angeheftet ist, urn zu ermog lichen, daG die 5'- zu 3'-Nucleaseaktivitat der Nucleinsaurepolymerase 
die markierten Fragmente f reisetzt. 

s 32. PCR-Verfahren nach Anspruch 13, wobei die zwischen dem markierten Oligonucleotid und seinem zugehorigen 
Stromaufwarts-Oligonucleotidprimer unterschiedliche Schmelztemperatur (T m ), zur Bereitstellung einer bevorzug- 
ten Bindung des markierten Oligonucleotids wahrend der Anlagerungsschritte der PCR-Zyklen wirksam ist. 

33. PCR-Verfahren nach Anspruch 32, wobei die T m des markierten Oligonucleotids bis zu 40°C hdher ist als die T 
10 des Stromaufwarts-Oligonucleotidprimers. m 

34. PCR-Verfahren nach Anspruch 13, wobei die markierten OligonucleotidFragmente ein Gemisch aus Mono-, Di- 
und groGeren Nucleotidfragmenten umfassen. 

is 35. PCR-Verfahren nach Anspruch 13, das ferner die Abtrennung markierter Oligonucleotidfragmente von anderen 
Bestandteilen in dem PCR-Gemisch vor dem Nachweis der markierten Fragmente umfaGt. 

36. PCR-Verfahren nach Anspruch 35, wobei der Trennungsschritt GroGenausschluGchromatographie verwendet. 

37. PCR-Verfahren nach Anspruch 35, wobei die markierten Fragmente von dem PCR-Gemisch durch Festphasen- 
extraktion getrennt werden. 
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PCR-Verfahren nach Anspruch 37, wobei Avidin oder Streptavidin an die Festphase gebunden ist und das mar- 
kierte Oligonucleotid zusatzlich ein gebundenes Biotinmolekul umfaGt, das von der Markierung durch eine fur 
Nuclease zugangliche Schnittstelle getrennt ist. 

Verfahren nach Anspruch 29, wobei die erste Markierung ein Fluorophor ist und die zweite Markierung ein Quen- 
cher ist, der damit interagiert. 



30 40. Kit zum Nachweis einer Ziel-Nucleinsauresequenz in einer Probe, umfassend: 

a) mindestens ein markiertes Oligonucleotid, das eine Sequenz enthalt, die komplementar zu einem Bereich 
der Ziel-Nucleinsaure ist, wobei das markierte Oligonucleotid sich innerhalb der Ziel-Nucleinsauresequenz, 
die durch die Oligonucleotidprimer aus Teil (b) gebunden ist, anlagert, und wobei das 3*-Ende des markierten 

35 Oligonucleotids blockiert ist, urn die Verlangerung durch eine Nucleinsaure-Polymerase mit 5'- zu 3'-Nuclease- 

aktivitat zu verhindern, wodurch 5'- zu 3'- Nucleaseaktivitat markierte Fragmente von den angelagerten Du- 
plexes umfassend markierte Oligonucleotide und ihre komplementare Matrizen-Nucleinsauresequenz, wah- 
rend eines PCR-Amplifikationsvorganges freigesetzt werden; 

b) einen Satz von Oligonucleotidprimern, wobei 

40 

ein erster Primer eine Sequenz komplementar zu einem Bereich in einem Strang der Ziel-Nucleinsaure- 
sequenz enthalt und die Synthese eines Verlangerungsproduktes in Gang setzt; und 
ein zweiter Primer eine Sequenz komplementar zu einem Bereich in einem zweiten Strang der Ziel-Nu- 
cleinsauresequenz oder komplementar zu einem Bereich in dem Verlangerungsprodukt des ersten Pri- 
45 mers enthalt und die Synthese eines komplementaren DNA-Stranges in Gang setzt; 

und wobei jeder Oligonucleotidprimer ausgewahlt ist, urn stromaufwarts von jeglichem an den gleichen 
Nucleinsaurestrang angelagerten markierten Oligonucleotid anzulagern. 

41. Kit nach Anspruch 40, zusatzlich umfassend eine Nucleinsaurepolymerase mit einer 5 1 - zu S'-Nucleaseaktivitat 

so 

42. Kit nach Anspruch 41, wobei die Nucleinsaurepolymerase ein thermostabiles Enzym ist, bevorzugt eine DNA- 
Polymerase aus einer Thermus-Art. 

43. Kit nach einem der Anspruche 40 bis 42, wobei das Oligonucleotid Desoxy ribonucleotide umfaGt. 

44. Kit nach einem der Anspruche 40 bis 43, wobei das markierte Oligonucleotid mindestens eine Markierung umfaGt. 

45. Kit nach einem der Anspruche 40 bis 44, wobei das markierte Oligonucleotid am 5'-Ende markiert ist. 
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46. Kit nach einem der Anspruche 40 bis 44, wobei das markierte Oligonucleotid zusatzlich einen Schwanz von Nicht- 
Nucleinsauren oder eine Sequenz von Nucleotides die zur Ziel-Nucleinsauresequenz nicht-komplementar ist, 
umfaBt. 

s 47. Kit nach Anspruch 46, wobei die Markierung in dem markierten Oligonucleotid an ein Nucleotid in der Schwanz- 
oder nicht-komplementaren Sequenz angeheftet ist. 

48. Kit nach Anspruch 47, wobei die Markierung in dem markierten Oligonucleotid sich am 5'-Ende befindet und von 
der zur Ziel-Nucleinsauresequenz komplementaren Sequenz durch die Schwanz- oder nicht-komplementare Se- 

10 quenz getrennt ist. 

49. Kit nach Anspruch 44, wobei das markierte Oligonucleotid erste und zweite Markierungen umfaBt, wobei die erste 
Markierung von der zweiten Markierung durch eine fur Nuclease zugangliche Schnittstelle getrennt ist. 

15 50. Kit nach Anspruch 49, wobei die Markierungen in dem markierten Oligonucleotid ein Paar interaktiver, signaler- 
zeugender Markierungen umfassen, die auf dem Oligonucleotid lokaiisiert sind, urn die Erzeugung eines nach- 
weisbaren Signals zu quenchen. 

51 . Kit nach Anspruch 50, wobei in dem markierten Oligonucleotid die erste Markierung ein Fluorophor und die zweite 
20 Markierung ein Quencher ist, der damit interagiert. 

52. Kit nach einem der Anspruche 40 bis 51 , der in Teil (a) ein Paar markierter Oligonucleotidsonden enthalt. 

53. Reaktionsansatz zum Nachweis einer Ziel-Nucleinsauresequenz in einer Probe, wobei der Reaktionsansatz vor 
25 der Amplifikation ein Paar Oligonucleotidprimer und mindestens ein markiertes Oligonucleotid umfaBt, wobei das 

Primerpaar und das markierte Oligonucleotid dadurch gekennzeichnet sind, daB: 

a) das markierte Oligonucleotid eine Sequenz enthalt, die komplementar zu einem Bereich der Ziel-Nuclein- 
saure ist, und sich innerhalb der Ziel-Nucleinsaure, die an die Oligonucleotidprimer aus Teil (b) gebunden ist, 
anlagert, und von welchem Oligonucleotid durch die 5'- zu 3'-Nucleaseaktivitat einer Polymerase markierte 
Fragmente von den angelagerten Duplexen, die ein markiertes Oligonucleotid und seine komplementare Ma- 
trizen-Nucleinsauresequenz umfassen, wahrend eines PCR-Amplifikationsvorganges freigesetzt werden; 

b) das Oligonucleotidprimer-Paar umfaBt: 

einen ersten Primer, der eine Sequenz komplementar zu einem Strang der Ziel-Nucleinsaure enthalt und 
der die Synthese eines Verlangerungsproduktes in Gang setzt, und 

einen zweiten Primer, der eine Sequenz komplementar zu einem Bereich in einem zweiten Strang der 
Ziel-Nucleinsauresequenz oder komplementar zu einem Bereich in einem Verlangerungsprodukt des er- 
sten Primers enthalt und die Synthese eines komplementaren DNA-Stranges in Gang setzt; 
und wobei jeder Oligonucleotidprimer so ausgewahlt ist, daB er sich an seine komplementare Matrize 
anlagert, stromaufwarts von jeglichen markierten Oligonucleotides die an den gleichen Nucleinsaure- 
strang angelagert sind. 

54. Reaktionsansatz nach Anspruch 53, der zusatzlich eine Nucleinsaure-Polymerase mit einer 5'- zu 3'-Nucleaseak- . 
45 tjvitat umfaBt. 

55. Reaktionsansatz nach Anspruch 53 oder Anspruch 54, wobei das markierte Oligonucleotid mindestens eine Mar- 
kierung umfaBt. 

50 56. Reaktionsansatz nach einem der Anspruche 53 bis 55, wobei das markierte Oligonucleotid am 5'-Ende markiert ist. 

57. Reaktionsansatz nach einem der Anspruche 53 bis 55, wobei das markierte Oligonucleotid zusatzlich einen 
Schwanz von Nicht-Nucleinsauren oder eine Sequenz von Nucleotiden umfaBt, welche zu der Ziel-Nucleinsaure- 
sequenz nicht-komplementar ist. 

55 

58. Reaktionsansatz nach Anspruch 57, wobei die Markierung in dem markierten Oligonucleotid am 5-Ende ist und 
durch die Schwanz- oder nicht-komplementaren Sequenzen von der Sequenz komplementar zu der Ziel-Nuclein- 
sauresequenz getrennt ist. 
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59. Reaktionsansatz nach Anspruch 55, wobei das markierte Oligonucleotid eine erste und zweite Markierung umfaBt 
wobei die erste Markierung von der zweiten Markierung durch eine fur Nuclease zugangliche Schnittstelle getrennt 
ist. 

60. Reaktionsansatz nach Anspruch 59, wobei die Markierungen in dem markierten Oligonucleotid ein Paar interak- 
tiver, signalerzeugender Markierungen sind, die auf dem Oligonucleotid lokalisiert sind, um die Erzeugung eines 
nachweisbaren Signals zu quenchen. 

61. Reaktionsansatz nach Anspruch 60, wobei in dem markierten Oligonucleotid die erste Markierung ein Fluorophor 
ist und die zweite Markierung ein Quencher ist, der damit interagiert. 

62. Reaktionsansatz nach einem der Anspruche 53 bis 61, der zusatzlich eine Probe enthalt. 

63. Verfahren nach Anspruch 1 oder Anspruch 13, wobei fur multiple Allele spezifische oder artspezifische Sonden 
verwendet werden, um zwischen Allelen oder Arten zu unterscheiden. 

Revendications 

1. Procede pour la detection d'une sequence d'acide nucleique cible dans un echantillon, ledit procede comprenant : 

a) la mise en contact d'un echantillon, comprenant des acides nucleiques simple brin, avec un oligonucleotide 
contenant une sequence complementaire d'une region de I'acide nucleique cible et un oligonucleotide marque 
contenant une sequence complementaire d'une seconde region du meme brin d'acide nucleique, mais n'in- 
cluant pas la sequence d'acide nucleique definie par le premier oligonucleotide, pour la creation d'un melange 
de duplex pendant les conditions d'hybridation, les duplex comprenant I'acide nucleique cible hybride avec le 
premier oligonucleotide et avec {'oligonucleotide marque, de sorte que I'extremite 3' du premier oligonucleotide 
est adjacente a I'extremite" 5' de I'oligonucleotide marque ; 

b) le maintien du melange de I'etape (a) avec une acide nucleique polymerase dependant de matrice, ayant 
une activite nuclease 5' a 3', dans des conditions suffisantes pour permettre a Tactivite nuclease 5' a 3' de la 
polymerase de couper I'oligonucleotide marque, hybride, et de liberer des fragments marques ; et 

c) la detection et/ou la mesure du signal engendre par I'hydrolyse de I'oligonucleotide marque.' 

2. Procede de la revendication 1, dans lequel I'extremite 3' du premier oligonucleotide dans le duplex hybride de 
I'etape (a) est adjacente a I'extremite 5' d'un oligonucleotide marque, hybride, ayant un espacement efficace pour 
permettre la liberation de fragments marques en I'absence de polymerisation d'acide nucleique. 

3. Procede de la revendication 1 , dans lequel les oligonucleotides comprennent des desoxyribonucleotides. 

4. Procede de la revendication 1, dans lequel I'acide nucleique polymerase est une ADN polymerase ayant une 
activite nuclease 5' a 3'. 7 

5. Procede de la revendication 1 , dans lequel un nucleotide dans I'oligonucleotide marque est modifie pour requler 
la specificite de coupure par une nuclease. 

6. Procede de la revendication 1 , dans lequel ledit oligonucleotide marque comprend au moins un marqueur. 

7. Procede de la revendication 1 , dans lequel I'oligonucleotide marque comprend un premier marqueur et un second 
le premier marqueur etant separe du second marqueur par un site de coupure sensible a une nuclease. 

8. Procede de la revendication 6, dans lequel I'oligonucleotide marque est marque a I'extremite 5'. 

9. Procede de la revendication 6, dans lequel I'oligonucleotide marque comprend en outre une queue de residus 
non-acide nucleique ou une sequence de nucleotides qui est non-complementaire de la sequence d'acide nuclei- 
que cible. 

10. Procede de la revendication 9, dans lequel le marqueur est attache a un nucleotide dans la queue ou une sequence 
non-complementaire. 



40 



EP 0 543 942 B1 



11. Procede de la revendication 10, dans lequel le marqueur est a I'extrdmitd 5' et est s^pare de la sequence com- 
piementaire de la sequence d'acide nucleique cible par la queue ou une sequence non-compiementaire. 

12. Procede de la revendication 1, execute dans des conditions suffisantes pour favoriser la polymerisation d'acide 
nucleique, dans lequel la liberation defragments marques a lieu pendant I'extension du premier oligonucleotide. 

13. Precede d'amplification par une reaction d'amplification en chaine par polymerase (PCR) pour la detection d'une 
sequence d'acide nucleique cible dans un echantillon, ledit procede comprenant : 

(a) I'apport a un essai contenant ledit echantillon d'au moins un oligonucleotide marque contenant une se- 
quence compiementaire d'une region de I'acide nucleique cible, ledit oligonucleotide marque s'hybridant avec 
la sequence d'acide nucleique cible limitee par les amorces oligonucieotidiques de I'etape (b) ; 

(b) I'apport d'une serie d'amorces oligonucieotidiques, une premiere amorce contenant une sequence com- 
piementaire d'une region dans un brin de la sequence d'acide nucleique cible et amorcant la synthese d'un 
produit d'extension et une seconde amorce contenant une sequence compiementaire d'une region dans un 
second brin de la sequence d'acide nucleique cible ou compiementaire d'une region dans le produit d'extension 
de la premiere amorce et amorcant la synthese d'un brin d'ADN compiementaire ; et chaque amorce oligonu- 
cleotidique etant choisie pour s'hybrider avec sa matrice compiementaire en amont de tout oligonucleotide 
marque qui est hybride avec le meme brin d'acide nucleique ; 

, r (c) I'amplification de la sequence d'acide nucleique cible a I'aide d'une acide nucleique polymerase ayant une 
activite nuclease 5' a 3', en tant qu'agent de polymerisation dependant de matrice, dans des conditions per- 
mettant des etapes de cyclage de PCR de (I) hybridation d'amorces et d'oligonucl6otide marque avec une 
* sequence d'acide nucleique matrice contenue dans la sequence cible, et (II) extension de I'amorce, ladite 
acide nucleique polymerase synthetisant un produit d'extension d'amorce tandis que 1'activite nuclease 5' a 
3' de I'acide nucleique polymerase libere simultanement des fragments marques des duplex hybrides, com- 
prenant I'oligonucieotide marque et ses sequences d'acide nucleique matrice compiementaire, ce qui cree 
des fragments marques detectables ; et 

(d) la detection et/ou lamesuredu signal engendre par I'hydrolyse de I'oligonucieotide marque, pour determiner 
la presence ou I'absence de la sequence cible dans rechantillon. 

14. Procede de PCR de la revendication 1 3, dans lequel ladite acide nucleique polymerase est une enzyme thermos- 
table. 

15. Procede de PCR de la revendication 1 4, dans lequel ladite enzyme thermostable est I'ADN polymerase provenant 
35 d'une espece de Thermus. 

16. Procede de PCR de la revendication 13, dans lequel I'extremite 3' d'une amorce oligonucleotide hybridee est 
adjacente a I'extremite 5' de ['oligonucleotide marque qui est hybride avec le meme brin d'acide nucleique. 

40 17. Procede de PCR de la revendication 1 6, dans lequel ledit oligonucleotide marque a une extremite 3' bloqu£e pour 
empecher I'extension par I'acide nucleique polymerase. 

18. Procede de PCR de la revendication 16, dans lequel I'oligonucieotide marque en outre comprend une sequence 
d'un a environ 10 nucleotides dont la sequence est pratiquement non compiementaire de la sequence d'acide 

45 nucleique cible. 

19. Procede de PCR de la revendication 13, dans lequel I'oligonucieotide marque comprend un premier marqueur et 
un second, le premier marqueur etant separe du second marqueur par un site de coupure susceptible d'etre coupe 
par une nuclease. 

so 

20. Procede de PCR de la revendication 13, dans lequel on fournit dans I'etape (a) une paire de sondes oligonucieo- 
tidiques marquees. y 

21 . Procede de PCR de la revendication 20, dans lequel ladite paire de sondes marquees s'hybrident avec des regions 
55 diff6rentes, non chevauchantes, du meme brin d'acide nucleique compiementaire, I'extremite 5' de la seconde 

sonde marquee etant adjacente a I'extremite 3' de la premiere sonde marquee. 

22. Procede de PCR de la revendication 18, dans lequel le marqueur est attache a un nucleotide dans la sequence 
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non complementaire. 

23. Procede de PCR de la revendication 22, dans lequel le marqueur est a I'extremite 5' et est separe de la sequence 
de la sonde complementaire par la sequence non complementaire. 

24. Procede de PCR de la revendication 13, dans lequel I'oligonucleotide est marque a I'extremite 5'. 

25. Procede de PCR de la revendication 17, dans lequel I'oligonucleotide est marque a I'extremite 3' bloquee. 

26. Procede de PCR de la revendication 13, dans lequel le marqueur est attache a une sequence interne de I'oligo- 
nucleotide. 

27. Procede de PCR de la revendication 1 3, dans lequel le marqueur engendre un signal proportionnel au nombre de 
sequences d'acide nucleique cibles amplifiees. 

28. Procede de PCR de la revendication 1 3, dans lequel le marqueur est un analogue de desoxyribonucleotide ayant 
des proprietes generatrices de signal. 

29. Procede de PCR de la revendication 13, dans lequel I'oligonucleotide marque comprend une paire de marqueurs 
generateurs de signaux interactifs positionnes efficacement sur I'oligonucleotide pour neutraliser la production 
d'un signal detectable, lesdits marqueurs etant separes par un site dans I'oligonucleotide susceptible de coupure 
par une nuclease, ce qui permet a I'activite nuclease 5' a 3' de I'acide nucleique polymerase, pendant I'extension 
d'amorces, de separer le premier marqueur generateur de signal interactif du second marqueur generateur de 
signal interactif, par coupure au niveau du site sensible, ce qui produit un signal detectable. 

30. Procede de PCR de la revendication 29, dans lequel ledit premier marqueur est un substrat chimiluminescent et 
ledit second marqueur est uh fluorophore qui interagit avec celui-ci. 

31. Procede de PCR de la revendication 13, dans lequel le marqueur dudit oligonucleotide est attache par un bras 
espaceur de longueur suffisante pour permettre a I'activite nuclease 5' a 3' de I'acide nucleique polymerase de 
liberer des fragments marques. 

32. Procede de PCR de la revendication 13, dans lequel la difference de temperatures de fusion (T f ) entre I'oligonu- 
cleotide marque et son amorce oligonucleotidique associee en amont est efficace pour produire une liaison pre- 
ferentielle de I'oligonucleotide marque, pendant I'etape d'hybridation des cycles de PCR. 

33. Procede de PCR de la revendication 32, dans lequel la T f de I'oligonucleotide marque est aussi elevee que 40°C 
au-dessus de la T f de I'amorce oligonucleotidique en amont. 

34. Procede de PCR de la revendication 13, dans lequel les fragments oligonucleotidiques marques comprennent un 
melange de fragments mono-, di- et polynucleotidiques. 

35. Procede de PCR de la revendication 13, qui comprend en outre la separation de fragments oligonucleotidiques 
marques d'avec d'autres composants dans le melange de PCR avant la detection de fragments marques. 

36. Procede de PCR de la revendication 35, dans lequel I'etape de separation utilise la chromatographie d'exclusion 
en fonction de la taille. 

37. Procede de PCR de la revendication 35, dans lequel les fragments marques sont separes du melange de PCR 
par extraction en phase solide. 

38. Procede de PCR de la revendication 37, dans lequel de I'avidine ou de la streptavidine est fixee a la phase solide 
et I'oligonucleotide marque comprend en outre une molecule de biotine liee, separee du marqueur par un site de 
coupure sensible a une nuclease. 

39. Procede de la revendication 29, dans lequel ledit premier marqueur est un fluorophore et le second marqueur est 
un extincteur qui interagit avec celui-ci. 
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40. Necessaire pour la detection d'une sequence d'acide nucleique cible dans un echantillon, comprenant : 

(a) au moins un oligonucleotide marque contenant une sequence complementaire d'une region de I'acide 
nucleique cible ledit oligonucleotide marque s'hybridant avec la sequence d'acide nucleique cible limitee par 
les amorces oligonucleotidiques de la partie (a) et I'extr6mit6 (3) de I'oligonucleotide marque etant bloque 
pour empecher ('extension par une acide nucleique polymerase ayant une activite nuclease 5' a 3', par laquelle 
activite nuclease 5' a 3' des fragments marques provenant de duplex hybrides comprenant I'oligonucleotide 
marque et sa sequence d'acide nucleique matrice complementaire sont liberes pendant un processus d'am- 
plification par PCR ; 

(b) une serie d'amorces oligonucleotidiques, dans laquelle 

une premiere amorce contient une sequence complementaire d'une region dans un brin de la sequence 
d'acide nucleique et amorce la synthese d'un produit d'extension, et 

une seconde amorce contient une sequence complementaire d'une region dans un second brin de la 
sequence d'acide nucleique cible ou complementaire d'une region dans le produit d'extension de la pre- 
miere amorce et amorce la synthese d'un brin d'ADN complementaire ; 

et dans laquelle chaque amorce oligonucleotidique est choisie pour s'hybrider avec sa matrice comple- 
mentaire en amont de tout oligonucleotide marque qui est hybride avec le meme brin d'acide nucleique. 

41. Necessaire de la revendication 40, comprenant en outre une acide nucleique polymerase ayant une activite nu- 
clease 5' a 3'. 

42. Necessaire de la revendication 41 , dans lequel ladite acide nucleique polymerase est une enzyme thermostable, 
de preference une ADN polymerase provenant d'une espece de Thermus. 

43. Necessaire de I'une quelconque des revendications 40 a 42, dans lequel les oligonucleotides comprennent des 
desoxyribonucleotides. 

44. Necessaire de I'une quelconque des revendications 40 a 43, dans lequel I'oligonucleotide marque" comprend au 
moins un marqueur. 

45. Necessaire de I'une quelconque des revendications 40 a 44, dans lequel I'oligonucleotide marque est marque a 
I'extremite 5'. 

46 Necessaire de I'une quelconque des revendications 40 a 44, dans lequel I'oligonucleotide marque comprend en 
outre une queue de residus non acide nucleique ou une sequence de nucleotides qui est non-compiementaire de 
la sequence d'acide nucleique cible. 

47. Necessaire de la revendication 46, dans lequel le marqueur dans V oligonucleotide marque est attache a un 
nucleotide dans la queue ou une sequence non-compiementaire. 

48 Necessaire de la revendication 47, dans lequel le marqueur dans V oligonucleotide marque est a I'extremite 5' et 
est s6par6 de la sequence complementaire de la sequence d'acide nucleique cible par la queue ou une sequence 
non-compiementaire. 

49 Necessaire de la revendication 44, dans lequel I'oligonucleotide marque comprend un premier marqueur et un 
second, le premier marqueur etant s6par6 du second marqueur par un site de coupure sensible a une nuclease. 

50 Necessaire de la revendication 49, dans lequel les marqueurs dans I'oligonucleotide marque comprennent une 
paire de marqueurs generateurs de signaux interactifs positionn6s sur I'oligonucleotide pour neutraliser la produc- 
tion d'un signal detectable. 

51. Necessaire de la revendication 50, dans lequel, dans I'oligonucleotide marque, le premier marqueur est un fluo- 
rophore et le second marqueur est un extincteur qui interagit avec celui-ci. 

52. Necessaire de Tune quelconque des revendications 40 a 51 , qui contient une paire de sondes oligonucleotidiques 
marquees dans la partie (a). 
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53. Melange reactionnel pour la detection d'une sequence d'acide nucleique cible dans un echantillon, lequel melange 
reactionnel comprend avant ('amplification une paire d'amorces oligonucleotidiques et au moins un oligonucleotide 
marque, laquelle paire d'amorces et lequel oligonucleotide marque sont caracterises en ce que : 

a) I'oligonucleotide marque contient une sequence complementaire d'une region de I'acide nucleique cible et 
s'hybride avec I'acide nucleique cible limits par les amorces oligonucleotidiques de la partie b) 

et duquel oligonucleotide sont liberes des fragments marques par I'activite nuclease 5' a 3' d'une poly- 
merase, a partir de duplex hybrides comprenant un oligonucleotide marque et sa sequence d'acide nucleique 
matrice complementaire, pendant un processus ^amplification par PCR ; 

b) la paire d'amorces oligonucleotidiques comprend 

une premiere amorce contenant une sequence complementaire d'un brin de I'acide nucleique cible et qui 
amorce la synthese d'un produit d'extension, et 

une seconde amorce contenant une sequence complementaire d'une region dans un second brin de la 
sequence d'acide nucleique cible ou complementaire d'une region dans le produit d'extension de la pre- 
miere amorce et amorce la synthese d'un brin d'ADN complementaire ; 

et dans lequel chaque amorce oligonucleotidique est choisie pour s'hybrider avec sa matrice complemen- 
taire en amont de tout oligonucleotide marque qui est hybride avec le meme brin d'acide nucleique. 

54. Melange reactionnel de la revendication 53, qui comprend en outre une acide nucleique polymerase ayant une 
activite nuclease 5' a 3\ 

55. Melange reactionnel de la revendication 53 ou de la revendication 54, dans lequel I'oligonucleotide marque com- 
prend au moins un marqueur. 

56. Melange reactionnel de Tune quelconque des revendication s 53 a 55, dans lequel I'oligonucleotide marque est 
marque a I'extremite 5'. 

57. Melange reactionnel de I'une quelconque des revendications 53 a 55, dans lequel I'oligonucleotide marque com- 
prend en outre une queue de residus non acide nucleique ou une sequence de nucleotides qui est non-compl<§- 
mentaire de la sequence d'acide nucleique cible. 

58. Melange reactionnel de la revendication 57, dans lequel le marqueur dans I'oligonucleotide marque est a I'extremite 
5* et est separe de la sequence complementaire de la sequence de I'acide nucleique cible par la queue ou des 
sequences non-complementaires. 

59. Melange reactionnel de la revendication 55, dans lequel I'oligonucleotide marque comprend un premier marqueur 
et un second, le premier marqueur etant separe du second marqueur par un site de coupure sensible a une nu- 
clease. 

60. Melange reactionnel de la revendication 59, dans lequel les marqueurs dans I'oligonucleotide marque sont une 
paire de marqueurs generateurs de signaux interacts, positionnes sur I'oligonucleotide pour neutraliser la pro- 
duction d'un signal detectable. 

61. Melange reactionnel de la revendication 60, dans lequel, dans I'oligonucleotide marque, le premier marqueur est 
un fluorophore et le second marqueur est un extincteur qui interagit avec celui-ci. 

62. Melange reactionnel de I'une quelconque des revendications 53 a 31 , qui comprend en outre un echantillon. 

63. Procede de la revendication 1 ou de la revendication 13, dans lequel on utilise de multiples sondes specifiques 
d'espece ou d'allele, pour faire la distinction entre des especes ou des alleles. 
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FIG. 1 
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FIG. 2 
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